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Abstract

Currently mobile C-E War Readiness Spares Kit (WRSK) computations are

not automated. They are determined during an annual meeting attended by

system users and suppliers. However, the Air Force continues to study several

methods and models to automate the process. This thesis reports validation

results of one model. The model combines the operating and non-operating

failure rates to predict C-E system failures for a specified period of time.

This model uses operating failures distributed over operating hours and non-

operating failures distributed over system power-up attempts. Validation

results showed this model predicted C-E failures as good as current methods

during periods of steady-state, long operating hours; however, it more accur-

ately predicted failures during periods where operating and non-operating fail-

ures occurred. Therefore, the model can be applied to Air Force C-E WRSK

computations. HQ USAF/LEYS should develop a policy to ensure C-E system

users document the necessary data for application of this model.
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VALIDATION OF A STOCHASTIC MODEL TO DETERMINE FAILURE

RATES FOR COMMUNICATION-ELECTRONIC SYSTEMS

I. Introduction

Background

This thesis attempts to validate a stochastic model for determining the

failure rates of communication-electronic (C-E) systems. The validation will

be done on a model proposed by Captain Thomas M. Skowronek, in his 1986

thesis, "Analysis of a Stochastic Model to Determine Failure Rates for Com-

munication-Electronic Systems." This effort will complete his research and

validate the model for accuracy. If the model proves valid, then an attempt

will be inace to apply this model to resolve a long standing Air Force problem

of computing Communication-Electronic (C-E) war readiness spares kit (WRSK)

requirements.

A WRSK Is defined as the spare parts and system components required

to repair and maintain the mission capability of mobile C-E systems during

the early days of war (3:14-34). Mobile communications-electronic WRSK levels

are presently determined during an annual meeting attended by system users

and system component suppliers. They analyze past data and input personai

experience to determine future WRSK levels (3:14-34). All computations are

done by hand with little automation (see Appendix A). Without a true under-

standing of why and how the C-E systems fail and a close approximation of

their failure rate distributions, improvements to this manual method of deter-

mining WRSK levels appear unlikely.

* 1



Capt Skowronek tested and described a model proposed by Capt R. D.

Mabe, Air Force Institute of Technology (AFIT), that predicted C-E system

failures which occurred during periods of both on-time and off-time as a result

of their operational environment (1; 7; 10). The definitions from Skowronek's9}.

thesis for on- and off-time apply.

Operating failures are straight forward; however, the non-operating
failures are detected during equipment power-up. These failures
are a combination of three specific types. First there are dormant
failures, or failures occurring when the equipment is not operating.
which include failures occurring while the unit is moving from one
location to another. Secondly, there are those failures which occur
during a power-down phase. Finally, there are power-up failures
caused by electrical surges in the equipment. Any of these three

*: categories, will only be discovered when the system is going through
a power-up cycle (l:Sec IV, 12). Therefore, although non-operating
failures could include three separate failure rates, for simplicity,
they are all combined into one rate based on power-up cycles
113:5-61.

Capt Skowronek described Mabe's three-dimensional solution which accom-

modated both on- and off-time failure distributions. He showed that failures

would occur on a plane and include both on- and off-time rates. The plane

is described by the formula:

Z = (Za/Xa)(X) + (Zb/Yb)(Y) I)

where: Za = Expected on-time failures

Xa = On-time hours in current period

X = Transition time in next period

Zb = Expected off-time failures

Yb = Off-time cycles in current period and

Y = Transition off-time cycles in next period.

Figure 1 illustrates the three-dimensional model. This formula for calculating

'Z' forecasts the expected total failures in a future time period based on

observations for time and cycles in the current operating period (13:24-30).

',:
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The model. as described by Skowronek. appears to accurately characterize

the C-E environment. Figure 2. page 8. depicts a three-dimensional Poisson

distribution, and pictorially describes what is occurring in the dynamic mobile

C-E environment. Past research has indicated that failures do occur in rela-

tion to either cycles, time or a combination of the two (1: 4; 9: 13: 14).

This research is discussed in greater detail in Chapter 2. The histogram in

Figure 2 describes the probability density function (pdf) as it relates to

both time and cycles (13:69-70).

Justification for Thesis

The specific task of this thesis is to validate the stochastic model for

determining failures for communications-electronic (C-E) systems described by

Skowronek. If the model can be validated as a good predictor of C-E system

failures (i.e.. reliability), it could then provide a more accurate method for

determining C-E WRSK requirements (11; 12). Skowronek only verified the

accuracy and logic of the model. He lacked empirical data to validate the

model.

Specific Problem

The proposed stochastic model has not been validated against empirical

data. Before the Air Force Communications Command (AFC) or Air Force

Logistics Command (AFLC) can use the model. it must be proven valid. The

model appears to accurately portray the C-E systems operational environment.

therefore it should increase the accuracy of predicting failures for C-E sys-

tems. By using actual "on-time" and "off-time" data from a specified period

of time. an accurate prediction of future failures should be obtained if the

model is valid.

it,3



Research Questions

Three important questions must be answered to ensure the validation

results are not flawed.

1. Does the concept of operating, ("on-time") and non-operating, ("off-

time") failures apply to C-E systems?

2. What is the true relationship of C-E system reliability and subsequent

spare parts requirements?

3. Does the Skowronek model accurately portray these relationships and

predict failure rates?

Scope and Limitations of Research

This research is limited to focus solely on the failure rate distributions

of mobile C-E system components. Power-up cycling effects are more pro-

nounced in mobile systems, and should provide a stronger validation.

In the interest of a strict model validation, the conditions developed by

Skowronek will be duplicated as closely as possible. The data will be in the

two categories that were proposed by Skowronek: operating and nonoperating

failures. The terms "off-time", "non-operating", and "off-failures" are all

interchangeable and will generally be referred to as off-time failures. The

terms "on-time", "operating", and "on-failures" are also interchangeable and

will generally be referred to as on-time failures (13:6).

'N
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II. Literature Review

Overview

This chapter includes a discussion of Skowronek's research which is the

basis for the validation process of this thesis. Other topics addressed are:

system failures that are corrected by reseating components, reliability issues,

and using current field maintenance information for validation.

Stochastic Models

Stochastic models emulate processes which are concerned with a sequence

of events ruled by probabilistic laws using probabilistic distributions (8:v).

Examples of simple stochastic processes are the outcomes of successive trials

of flipping a coin, the results of a learning experiment, or successive observa-

tions of some particular characteristic of a population. Stochastic models may

be one-dimensional, or multidimensional; for example, the Brownian Motion

Process and the Poisson Process, respectively (8:11-21).

Stochastic models are concerned with the distribution of random variables

over a suitable parameter. This study's parameter, failure density, has two

components; failures distributed over power-up cycles and failures distributed

over operating hours. Skowronek's model uses the poisson process and assumes

all failures are identically distributed, but lie in independent off-time and

on-time distributions.

Skowronek's Model

Skowronek concluded that "to calculate failure rates based on operating

time only, will underestimate the true failure rate." His literature review

supported the concept that failures do occur both during on-time and off-

time. Therefore, a stochastic model which includes on-time and off-time fail-

- 1' - -m-
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ures, distributed over on-hours and power-up cycles respectively, should emu-

late the C-E systems environment quite accurately. Skowronek supported his

position with documentation from a Martin-Marietta study which provided

strong evidence that failures occur during both on-time and off-time (13:12-

14; 1:Sec IV, 5-7,15,17; 1:Sec VI,5).

Skowronek described a three-dimensional model which treated both on-

time and off-time failures. He concluded that these combined failures occurred

on a plane described by the formula:

Z = (Za, Xa)(X) + (Zb, Yb)(Y) (Refer to Figure 1) ()

where:

Za = Expected on-time failures

Xa = On-time hours in current period

X = Transition time in next period

Zb = ExpecLtd off-time failures

Yb = Off-time cycles in current period, and

Y = Transition off-time cycles in next period.

The value of 'Z', is the expected total failures in the next time period basd

on observations for time and cycles.

Nt
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Z , Failures

A (X a, Za )

BO'¥b'Zb)

. X -On-Time

Y = Off Cycles

Figure 1. Structural Diagram of the Failure Plane (13:24)

The histogram in Figure 2, depicts the probability for values other than

'Z' given that the location of 'Z' on the plane Is the expected value (Lambda)

of a Polsson distribution solved for time and cycles. Figure 2. on the follow-

ing page represents a probability density function (pdf) as It relates to both

time and cycles for the plane ([3:68-70). This model, as described by Skowro-

nek, appears to accurately characterize the C-E systems environment.

4,1

.

7

:



z

*,--Cycles

Figure 2. Three-Dimensional Poisson Distribution (13:69)

Skowronek verified his model using hypothetical data; however, he was

unable to a validate his model using actual maintenance data. His model per-

formed as predicted, producing results that appeared capable of representing

the C-E systems environment more accurately than previous methods of pre-

dicting C-E system failure rates. Skowronek also concluded that the failure

rate distributions of on-time failures over on-hours and off-time failures over

cycles were not. identically and independently distributed (13:70-71).

The lack of validation using actual maintenance data led the author to

conduct the follow-up process of validating the Skowronek model. The author

used actual maintenance data that was available to AFLC through the mainten-

ance data collection (MDC) system (2). This data was collected from the 2d

Combat Control Group (2 CCG), Patrick AFB, Florida. Other factors which

could affect the accuracy of actual maintenance data were investigated.

8m



Component Reseating

An article written by Claude F. Veraa, Vitro Corporation, published in

the 1985 Proceedings Annual Reliability and Maintainability Symposium, discus-

sed an analysis of failures on major computerized systems. Veraa focuses on

the concept of "reseating" components. In reseating, a "failed" circuit card

is pulled out of the system and pushed back-in to reestablish the contacts.

The circuit card is not replaced if reseating fixes the "failed" condition.

Reseating represented a very high percentage of failures during new system

testing. Up to 80% of the failures were corrected by "reseating" one or more

components during the early phase of testing. However, this figure diminished

to zero during the latter phases of testing. Veraa suggested numerous potential

hardware and software causes for the reseating problems: however, all too

often the results of cycling on/off or reseating a particular component cor-

rected the failure and masked the real underlying cause for the failure (14:150-

151).

Veraa suggested that since this recycle or reseat action was often the

"standard operating procedure," frequently much information concerning system

failures was ignored and lost. Veraa's reseating concept is very similar to

the environment found in many Air Force units today. The association is :hat

if recycling the system brings it "up" (i.e.. turning it off and restarting ;t,,.

often very little else is done as a corrective action, to include docum,nting

the temporary failure. This becomes of particular importance when the result

of recycling increases the stress on the system. This increase in stress as

pointed out by Skowronek (13:14), was another significant factor contributing

to the failure rate of the C-E system (14:151).

ohN'



Dormant and Cyclical Failure Rates

In work done by Edward Demko, Singer Kearfot.t Division, the effect of

dormant and cyclic failure rates on reliability growth was considered. He

developed a simple expression to incorporate operating, dormant and cyclic

failure rates (4:92).

Demko concluded that the failures included in a measurement of the mean

time between failure (MTBF) are proportional to operation, dormancy and the

number of on/off cycles. He computed the failure rates using regression tech-

niques to observed data. The inputs Demko used were: failures, operating

time, dormant time, and on/off cycles. Much of the data Demko's work

required could be lost as a result of the reseating conditions described by

Veraa. His met' d is dependent on the documented usage profile or the

imputed failures. But, it supports the opinion that cycling of electronic

systems has a significant effect upon the system failure rate (4:96). This

effect may be difficult to precisely identify if data collection accuracy does

not improve.

Field Data

The use of field maintenance data to assess the reliability" and maintain-

ability of electronic systems was addressed by Eugene Fiorentino, Rome Air

Development Center. April 1979. In his report. The )s- C Air FJ -': r:ei(I

.Maintenance Data for R & M Assessments of Ground Electronic Systems.' he

discussed details of the field maintenance data collection system, data compila-

tion procedures and analysis of the data. Fiorentino pointed out that R & M

data from Air Force field operations provides a very large sample for R ,I

analysis. He investigated areas where the great potential of this lm:t s, 1r.'

may be weakened due to poor quality or inaccuracies (5:v-vi).

10
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Florentino concluded that most of the data necessary for R & M assess-

ments was available from associated MDC systems. His recommendations, while

not all within the scope of field maintenance data system procedures, were

designed to improve the quality and usability of field R & M data (5: vi-vii).

Improvements to the MDC system since Florentino's study have not elim-

inated all difficulties in extracting data for computing component failure

rates (2). There still exists the problems of interpreting or recreating the

activities that occurred in association with a particular maintenance action.

For example, areas requiring interpretation were: determining the number of

cycles preceding a failure; was a failure cyclical (off-time) or operating (on-

time); if more than one part was found faulty, which caused the initial failure

and which was an associated failure? Shortcomings in the MDC system will

be discussed in greater detail in Chapter 3.

Since Skowronek did not have actual maintenance data with which to

validate the model, he proposed the use of:
4

Za = [pNo(pu)tI (2)

as the number of imputed on-time failures in 10,ti,

where:

Expected (on-failures in (O,t])
p=

Expected (off-failures in [O,t])

Expected (off-failures in (O,t])
No-

Average Number of power-ups

(pu) = Expected (power-up cycles in (O,t])

t = time in the program period.

11
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This formula is based on cycles and time, where (p) and (No) are constant

and (pu)t varies over [o.tJ. Skowronek proved summing on-failures (equal to

Formula 2) over hours with expected off-time failures over cycles to yield a

single failure "rate" was incorrect (13:47). Since the author obtained actual

maintenance data in which gross on- and off-failures were relatively discern-

able, computing an imputed on-failure rate was not necessary for the valida-

tion. Therefore 'Za' will be actual operating failures experienced in the vai-

dation experiment and not computed according to Skowronek's formula.

--'1,. :
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11L. Methodology

Overview

This chapter discusses the data collection process, criteria for selecting

parts to report, and sorting the data. How this information was used to

answer Research Question #1 (Does the concept of operating, (on-time") ano

*, non-operating, ("off-time") failures apply to C-E systems?). and Research Ques-

tion #2 (What is the true relationship of C-E systems reliability and subsequent

spare parts requirements?), are discussed in detail. The Lotus 123 spreadsh.ee

formulas used for model computations are found in Appendix B. This chapter

concludes with a discussion of Mean Absolute Deviation (MAD). the measure

which was used to check model accuracy and answer Research Question #3

(Does the Skowronek model accurately portray these relationships and predict

failure rate?).

Data Collection

Data collection to validate the model was a two-fold process, using data

on system failures collected by the 2nd Combat Control Group (2 CCG), Patrick

AFB. Initially, data was collected using a form developed by Skowronek to

ensure cycles per day and operating hours were accurate!v recordei see

ADpendix C). Also recorded was any system or subcomponent ,alising fa:ilures

during on-time or off-time. Personnel from the 2 CCG recommended cnanges

to the original data collection form. These changes provided them with a
-4
-' better understanding of the desired information and its intended use in the

validation process (see Appendix D).

Next. an experiment to observe data collection and understand the )rera-

tional environment of the 2 CCG was conducted. The experiment included data

W:
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collection by the unit and by the author. Two radar systems at the 2 CCG,

the MPN-14 and the TPN-19, were selected to conduct the validation of the

Skowronek model. These are generally unreliable systems which could generate

many failures in a relatively short time span. The unit collected data over

a two-month period by observing the performance of each end item. Since

only two months of current data were documented on the forms shown in

Appendices C and D, the author further retrieved historical validation data

from records in the maintenance data collection (MDC) system. Tables 1 and

2 summarize the complete validation database for both end items.

p Table 1

MPN-14 Data Summary

TYPE OF FAILURE

On Off

More Than 2 Failures 7 4 3

2 Failures Or Less 49 36 13

TOTAL NSNs FAILED 56 40 16

4 Table 2

*" TPN-19 Data Summary

TYPE OF FAILURE

1 On Off

More Than 2 Failures 2 2 0

2 Failures Or Less 6,_ 62 2

TOTAL NSNs FAILED 66 64 2

.14
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Nearly six months of failure data for the MPN-14 and the 'PPN-19 were

extracted and used as the initial database for the validation process. The

total NSNs evaluated represent approximately 10% of the possible end items

that could fail. It should be noted here that this failure data was the same

data that AFLC would use to predict failure rates or compute WRSK require-

ments for these C-E systems.

Research Question #1 was answered during discussions with 2 CCG per-

sonnel and by information found during the literature review. After speaking

with several technicians and the two shop chiefs, the author felt confident

that this maintenance data would be usable data. However, the problem of

interpreting the data in regard to system cycling arose. This subject is discus-

sed further in Chapter 4.

Data Sorting

Five specific elements were needed to solve the formula for 'Z': on-time

.~ .,failures, off-time failures, total number of cycles, total operating hours and

total possessed hours. These data points were sorted into periods of time

called "epochs," where each epoch included 30 operating-days.

Using a 30 operating-day epoch created four epochs to forecast and eval-

uate for the six-month data base. Four epochs allowed the forecasting or

expected failures over equal periods of Operating2 and possessed hours. A

0 30 -operating -day epoch better simulates the wartime environment where a

30-day WRSK would be deployed. A step-wise forecast method was used. For

example. a forecast was made for epoch 1, and then the actual data for epoch

I was used to evaluate the forecast accuracy. Further validation occurred

by adding another epoch as new data became available.

'4., 15



Validating the Model

This phase of research parallels Skowronek's work, but differs in method.

The calculations for manipulating the model were done on the Lotus 123

spreadsheet versus the MultiPlan software used by Skowronek. The data

base of actual "on-time" and "off-time" failures, for the period. September

1986 through March 1987 replaces Skowronek's original test data (see Append-

ices E and F). Finally, the data was organized into epochs.

The validation process required the forecasting of the expected number

of failures for each epoch using the database provided. These forecasts were

then compared to the actual number of failures experienced in each respective

epoch. The model's accuracy was based on how closely the predicted failures

per epoch compared to the actual failures. Once the initial data base was

manipulated through the model, further validation and sensitivity analysis was

possible using follow-on data received from the test unit. The formulas used

on the Lotus 123 spreadsheet are found in Appendix B.

Comparing the forecast failures to actual failures documented in the

data base validated the model's accuracy. The Mean Absolute Deviation

(MAD) between forecast and actual values was selected to evaluate the model's

prediction accuracy. The MIAD is an effective measure for a short rang.e

forecasting model's -tccuracv (6:93-94).

Forecasts

-4_ Three types of forecast were made for each epoch. Forecast 1 was based

on all failures over possessed hours, Forecast 2 was based on failures over

un-hours, and Forecast 3 was the Skowronek model which treated both on-

failures over on-hours and off-failures over cycles.

.04



Skowronek pointed out that when all failures were distributed over oper-

ating hours, the resultant failure rate was significantly lower than the rate

computed by all failures distributed over cycle-up attempts (13:68). These

two methods should represent the lower and upper limits, respectively of a

computed failure rate. However, for this experiment all failures over cycle-

ups was not computed, because it represents an impractical rate. AFCC

currently uses all failures over possessed time. Its most likely replacement

would be all failures over on-hours. Therefore, these two forecast methods

form the basis for the validation process. The desired MAD will be the lowest

value for Forecast I (all failures over possessed time), 2 (all failures over

Voperating time), or 3 (as computed by Formula 2).

SComparing MADs for the results should indicate the significance of how

on-time and off-time failures apply to C-E systems thereby answering Research

Questions #1 and #3. If the mcdel's accuracy is indeed increased over current

methods of determining failures, then an attempt to answer Research Question

#2 could be made by calculating a 30-day WRSK requirement using the new

failure rates.

There were no unusual aspects or steps to this methodology. The method

completes validation of the proposed model that Skowronek was unable to

accomplish due to a lack of time and field iata. If proven effective. this

model will oe important by bringing the .Air Force one step .,loser to (,:)mpu-

terizing its system for computing WRSK requirements. Further, it could be

used for improving reliability and maintainability of C-E systems.

There was one potential hurdle to validating the Skowronek model. If

the C-E failure data collect, d for this validation does not conform to the

1-



distributions assumed for the model, then additional experimentation will be

required to test other distributions with a better accuracy potential.

Summary

Data was collected by 2 CCG maintenance technicians and the author.

The data covered a six month period, and was divided into 30 operating-day

epochs for analysis. Data was used to establish failure rates, which were then

put into the model to forecast failures for each epoch. The differences

between forecast and actual values were expressed as Mean Absolute Deviations

(MAD) to study the accuracy of the model.

-J " I
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I \.. Results and Analysis

Overview

This chapter discusses the results obtained during the course of this

research effort. In this chapter. trends and relationships are analyzed. The

specific environments in which system failures occurred were defined and per-

centages of the failure data occurring in those environments were determined.

The model "fit" to each failure environment was analyzed by comparing the

Mean Absolute Deviations (MADs) for the three forecasting methods. This

, chapter concludes with plausible reasons for the trends and results. Only

MPN-14 data will be presented in this analysis. Results from the TPN-19 -.vere

not conclusive enough to support validation.

Validation Results

Appendices E and F provfde the spreadsheet calculations used in the

model validation for the MPN-14 and TPN-19 data, respectively. Three fore-

casts were computed: Forecast 1 was based on possessed hours: Forecast 2

was based on on-hours; and Forecast 3 used the Skowronek model. Each svs-

-, tem data base was fitted to a set of 32 specific failure environments to identi-

fy where failures occurred. Figures :3 and 4 represent the decision logic for

determining failure environments.

',.

' o1,9

Op

i4



2 FAIURES DISTRIBUTION
2 FILUES SPACED?

OR LESS?
DOWNTIME?

ON-OUR Y FAILURE
8.9.9s

NO.7 NO I

56S 1S a

NO 29

NO~~N 2 .%1

.9% YE_ 2_ 13

*.7,1

NO

NON

FMg u r 3 . KP- 4 F i u e E v r n e t L g c T e

56 NS20

1..

YE 3

60., yA2



DISTRIBUTION
2 FAILURES SPACED?
OR LESS?

ON-HOURS DOWNTIME?YE

N

NO
N4

OFF FAILURE ?NO 29

NOS 2 23a

01

NON

214

IN



MPN-14 Fa)lure Environment

Figure 3 shows the possible frequency of MPN-14 failures. The failure

environments are identified by number. Terms used to describe the failure

environments include: "bunched" if the failures occurred in only one epoch

and "spaced" if in more than one epoch; "downtime" if more than 2% of the

operating time was lost due to failures, "no downtime" if less than 2%: "con-

stant" if the hours varied in only one epoch. "variable" if more than one

epoch varied: and "greater than 2" or "2 or less" whichever corresponded to

the actual total number of failures. Table 3 summarizes the characteristics

of each off-time failure environment in which failures occurred. The number

0Table 3

MPN-14 Off-Time Failure Environment Characteristics

Environment Characteristics Frequency / % I

2 Bunched, downtime, 5 / 8.9

Constant, 2 or less

4 Bunched, downtime, 1 / 1.7
Constant, Greater than 2

Spaced, no downtime, 1 / 1.7
Constant. 2 or less

Bunched, no downtime, 4 .

Constant. 2 or less

10 Bunched, downtime,
Variable, 2 or less

11 Spaced, downtime. 2 3.5
Variable, Greater than 2

13 Spaced, no downtime. 1 1.7
Variable, 2 or less

.1A,
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of National Stock Numbered (NSN) items and percentage of occurrence are

shown.

Table 4 identifies the characteristics of the on-time failure environments

in which failures occurred. The number of NSN items and relative percentage

of occurrence are also shown in Table 4.

Table 4

MPN-14 On-time Failure Environments

Environment Characteristics Frequency / %

18 Bunched, downtime, 15 /26.7
Constant, 2 or less

20 Bunched, downtime, 1 /1/7
Constant, greater than 2

S21 Spaced, no downtime, 1 /1.7
A Constant, 2 or less

22 Bunched, no downtime, 16 /28.5
Constant, 2 or less

24 Bunched, no downtime, 2 /3.5
Constant, greater than 2

26 Bunched, downtime, 5 /8.9
Variable, 2 or less

A27 Spaced, downtime, 1 /1.7
Variable, greater than 2

There were 32 possible failure environments in which the MFN-14 failures

might have occurred. Of the 56 failure data points. 28.50n were off-time

failures. Fourteen of the 32 potential failure environments accommodated all

of the 56 failure data points. These failure on\ ironments were described in

Tables 3 and 4.
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Model Fit (MPN-14)

Model fit was evaluated by measuring the accuracy of the forecasts of

all NSNs within each failure environment. The applicable failure environments

(FE), where failures occurred, were defined in Tables 3 and 4. Tables 5

and 6 show the specific NSNs of failed items within each FE for off-time

and on-time, respectively. Also shown in Tables 5 and 6 are the sum of

the forecast deviations for each NSN and the MAD for the entire FE.
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Table 5

MPN-14 Off-time Failure Environment Model Fit

- NSN Forecast I Forec:st 2 Forecast 3

FE 2 5840005571588 2.976744 3.135647 3.128571

5840006962047 1 .5 1.518732 1. 517241

3840005051313 1. 5 1.52755 1.526316

'
3961004218956 1.5 1.529101 1.521731)

5960002620160 1.5 1.521739 1.512921

MAD .448837 .461639 .460334

FE 4 5835004790461 4.465116 4.754386 4.735628

MAD L.116279 1.188596 t. 183907
-S

FE 5 5960005427181 2.000000 2.000000 2.000000

MAD 5 5 5

FE 6 5820004943621 1.5 1.502578 1.495868

5895004844743 I .5 1.502232 1 195968

5940010902036 3.0 3.220339 3.212121

5945002499813 3.0 3.005597 2.996661

MAI) .5625 .576921 .575157

FE 10 5895001055204 1.488372 1.588235 1.576923

5895002285267 1.511629 1.616016 1.661918

MAD .375 .400531 .407343

F8 5 0950 1 10 6 2 4  4.0 4 141818 4 . 10672

594 0046614 3 4 b 1 7249 1 5 4832

1 ) 7 o h I Z
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Table 6

MPN-14 On-time Failure Environment Model Fit

Deviations
NSN Forecast 1 Forecast 2 Forecast 3

FE 18 5935008396719 1.511628 1.527550 1.527550

5910007587777 1.5 1.553506 1.553506

5945003038222 1.488372 1.506472 1.506472

4140010542185 1.5 1.531601 1.531601

5835000196977 1.5 1.509338 1.509338

6145000804383 1.511628 1.527550 1.527550

5950006452476 1.5 1.517539 1.517539

5840006433820 1.5 1 517539 1.517539

5905009590725 1.5 1.515759 1.515759

5945002596399 3.0 3.001112 3.001112

5900008069629 1.5 1.536033 1.536033

5910001126794 1.5 1.5 1.528169

5840008446217 1.5 1.540541 1.540541

5960004259740 1.511628 1.522952 1.522952

5840010900139 1.5 1.553506 1.553506

MAD .400389 .406016 .406486

FE 20 5950008724383 4.5 4.819407 4.819407

MAD 1. 125 1.204852 1.204852

FE 21 5915009535410 3.0 3.005025 3.005025

MAD .75 .751256 .751256

FE 22 5990006364151 3.0 3.001112 3.001112

5840004836149 1.5 1.500278 1.500278

5840004835887 1.488372 1.500278 1.500278

5840004836110 1.5 1.500278 1.500278

5840010227534 1.5 1.500278 1.500278

5820011061794 1.5 1.500278 1.500278

5895002177019 1.5 1.502513 1.502513

5960002359107 1.5 1.500835 1.500835

5945006657444 1.5 1.503074 1.503074

5895002285226 1.5 1.505902 1.505902

5960008939402 3.0 3.008403 3.008403

1905009599603 3.0 2.104202 2.504202

590500b656356 3 .0 2. 50420 ' . 04202

5945000274107 1.5 102713 1. 027Q3

5945002015192 I .5 2.001112 2.001112

5910008251637 1.0 3. 005025 3.005025

4AD I P I() 0 4 4 050001

FE 24 5950008724383 4 . 4 819407 4 .819407

41, 5905001100991 4.465116 4.604596 4.604596

MAD 1 2 0640 1.17 8 1. 78

FF 26 5950011307663 1.511628 1 578406 1.!78406

5945001985499 1.488372 .196809 2.196809

5820011549046 t.911628 1.648415 1.648415

5950001025136 1.511268 1.964972 1.564972

5840008508824 I 5 I 5)24' I 992495

MAD .3-6234 42905 .429155

FF 27 5945002017822 1.5 I 900556 1-500556

1 7. 1 175 1 1' .13751 31
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Expected Outcome

Forecast 3 was expected to be the most accurate because it treats all

of the C-E system environments. Forecast 3 should equal Forecast 2 in

environments of on-time failures only, because the cyclical term of Forecast

3 goes to zero when cycle failures are not present (compare Formulas 4 and

5). Forecast 2 should nearly equal Forecast 1 when long, steady-state hours

of operation are experienced. That is when on-hours approach the same

amount as possessed hours. (Compare Formulas 3 and 4).

/ Total Failures (Expected Number
Forecast 1 = -of(3)

Possessed Hours Possessed Hours

.Total Failures x
Forecast 2= X of (4)

On-Hours On-Hours

On-Fails Expected\ Cycle Fails. Expected\

Forecast 3 11+ (5I(1 ()
On-Hours) On-Hours/ Cycles / Cycles/

Analysis of Results

From the tables, the following trends occur:

, 1. Forecast 1 was the most acceptable. This was not expected. It

occurred because the MPN-14 experienced nearly steady-state operations

during the experiment. If a more dynamic environment existed then For,ast

I would not have been best.

.9
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2. Forecast 3 was equal or better than Forecast 2. This was a desire-

able expected outcome. It reflects that Forecast 3 describes the operating

environment and cycling quite well for steady-state and dynamic conditions.

3. Forecast 3 was better than Forecast I where there was no mainten-

ance downtime and where failure events were spaced out over more than one

epoch. Again, this reflects the ability of Forecast 3 to capture the dynamic

'SM operating conditions.

4. When bunching occurred. none of the forecasts was a good predictor.

This supports the theory; the Poisson may not be the best distribution for fail-

ure analysis. Bunching indicates that the Negative Binomial may be better.

* 1 TPN-19 Results

* The TPN-19 results were not shown in Chapter 4 because the data set

* was not usable. Only three percent of TPN-19 failures were off-time failures.

The off-time failure environment is the focus of this research and therefore.

no realistic analysis could be performed on those results. However, Appendix

F contains the model computations and Appendix G contains the failure

environment characteristics. In Chapter 5 some discussion focuses on the

-'S -,~ -TPN- 19 results.

Summary

The Skowronek model was an accurate method of' forecasting C-E s':stem

failure rates. The Skowronek model reacted as expected and the MAD of its

forecasts was equal or lower than the MAD of Forecast 2 which was based

on total failures over on-hours. The results described in this chapter 1kere

particularly important because a large data set waas not available. Additional-

ly, the data set was sorted according to normal peacetime operations and did

28



not contain specific information regarding the number of cycles that a com-

ponent experienced or whether it was an actual on-time failure or an off-

, time failure. This was not primary source data, but it was the same data

used by AFLC. To fill in the gaps, certain assumptions were made. The

operating period used was the home station operating hours for the 2 CCG.

Off-time failures were assumed if the failure occurred within 30 .Iinutes of

the start of the normal operating period. At other times an off-time failure

was readily identified through the MDC data. The model appeared to be

valid by the results of the computations.
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V. Conclusions and Recommendations

Overview

This chapter contains conclusions and recommendations reached during

the course of this research effort. Research Question #1 was answered by

findings from the experiment conducted to obtain data on the MPN-14 and

TPN-19 radar systems. These findings are discussed in detail. Also included

in this chapter is an analysis of the Skowronek model computations using

actual field data. which answered Research Question #3. The Skowronek model

* U -was examined using the Mean Absolute Deviation (MAD) as a measure of acc-

uracy for comparing the results of the computations, which attempts to answer

* I Research Question #2.

- Research Summary

The Skowronek model was verified with theoretical data. It appeared

as a more accurate measure of predicting C-E failure rates than the currently

used AFLC method. If this condition held true using actual maintenance data

then the C-E WRSK computation process could be automated versus the current

manual methods. The current WRSK computation process requires annual meet-

ings by system users and component suppliers to review past data and evaluate

inputs from past exoeriene.

The Skowronek model was tested using actual maintenance data. An ade-

quate amount of primary source data was not available, therefore, existing data

from the maintenance data collection (MDC) system was used for the validation

process. The data was sorted into c-pochs. Failure rates were computed from

the total data set as described in Appendix B. Forecasts were made for each

epoch. Three forecasting methods were used. Forecast I represented the cur-

:3 0
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rentlv used method. Forecast 2 represented a best alternative method and

Forecast 3 was the Skowronek model. The absolute value of deviations from

the actual failures were then calculated. and the resultant MAD was used to

evaluate the model's accuracy.

The results were tabulated in Chapter 4. and the Skowronek model met

the expected results. These expectations were that the Skowronek model

would predict as accurate or even more accurately than Forecast 2. Finally.

in all failure environments the Skowronek model was nearly as accurate as

Forecast 1 when there was little downtime.

General Findings

*The validation process was hampered by the fact that actual data was

reported on the forms in appendices C and D, for a total of only two months.

This meant there was insufficient data available to conduct a validation. How-

ever, the author examined historical maintenance records and found that sx

months of standard maintenance data was also available to use in validation.

Difficulties arose in extracting a valid data set from the six-month data base.

Four conditions occurred which might have affected the historical data

base. First. there may have been cycle-ups of the system that were not relat-

ed to a failed item. - This data was lost in the collection process. be,'.luse

routine ovcie- up evenits 'erp nor traeK I. (V voing, mav hay? ,l' ( ai: :w'

during maintenance (i.e. reseating); however, these cycles were not documented

through the standard MDC process either. Second. when a failure occurred.

documentation could not reveal whether the system was operating normally

or in a power-up cycle at the moment of failure. Third, after a par, was

replaced, the replacement could have failed immediately, before the sstem

resumed normal operation, or a very short time after the system returnpd ti)

:3 1



operations. These could constitute either a cyclical, (off-time) failure or an

on-time failure. To clarify which failure occurred, the author assumed the

cyclical failure would occur if a replacement spare was received in a non-oper-

-. ational condition, which could not be determined until a power-up was attemp-

ted. On the other hand, if the replacement spare began to operate normally,

but failed a short time after the system was operational, the failure would

be an on-time failure. Again, MDC documentation did not reflect the correct

failure. Finally, technicians stated that they might cycle the system up to

60 times or more during troubleshooting in an attempt to find a faulty sub-

component. This loss of an accurate count on cycle events constitutes a very

significant potential loss of data.

However, these conditions were allowable with the following assumptions.

Since the available data was the same data submitted to AFLC via the MDC

system, it would be best to use the MDC data for the validation. Second, the

author assumed that normal home station conditions occurred throughout the

period covered by the data base (29 September 1986 through 25 March 1987).

-~ The normal hours of operation for the MPN-14 were from 0730 to 1500

Monday through Friday, and for the TPN-19 from 0730 Monday through 1500

Friday. As a result. normal operations yielded five cycles with 37.5 total on-

hours per week for the MPN-14, and one cycle with 103.5 total on-hours per

-week for the TPN-19. If failures occurred, then on-hours were r~educed. anoi

cycles might be increased or decreased. The data was sorted as outlined in

chapter 3, page 16 using the above parameters. In addition, if a failure occur-

-, red within the first 30 minutes following the expected power-up, it was con-

* sidered a cyclical failure.
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Data Collection Experiment

The results from the data collection experiment and discussions with

2 CCG personnel answered Research Question #1. The mobile radar system

operational environment does require frequent cycling-on and -off of the sys-

tem. The peacetime environment can present long periods of time in which

the system is not shut down. Additionally, the 2 CCG operated under commer-

cial power at their home station, so the equipment did not experience frequent

cycling caused by powering on and off generators. However, during wartime

and contingencies, the 2 GCG operates from portable generators which create

a significantly different environment of power fluctuations and uncontrollable

losses of generator power.

Other factors that dictate the potential for frequent system on and off

cycling include the natural threats of the wartime environment. These threats

come from enemy radar-seeking weapons that may be directed toward the radar

emitters used by the MPN-14 and the TPN-19 radar systems. If threats of

this nature are detected, the mobile radar system must be shut down quickly

V to avoid damage or destruction.

It is highly likely that on and off cycling will be a significant part of

survivability and operational procedures for the mobile C-E units. The systems

therefore, will be affected bv on and off cycling.

C-E Relationships

Research Question #2 was not readily answered. The true relationships

between C-E system reliability and WRSK requirements can best be resolved

-a.through actually computing a WRSK requirement. Comparing WRSK I !%veis

determined by this computerized method and by the current method (9) omil'l

then be the basis for answering Research Question #2. Generally, as the

'J.5, 33
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accuracy of failure rate predictions increase then the WRSK requirements will

meet the system's actual spare parts requirements. However. this can on,-

44be proven by calculating a 30-day WRSK requirement using the inputs from

the Skowronek model. The author did not have time to accomplish this objec-

tive and recommends a follow-on to this thesis to accomplish the required

research.

Model Accuracy

The answer to Research Question #3 is directly related to the acceptance

of the failure environment concept and the need for better data collection.

The results indicate that the model was a good predictor for dynamic operating

environments. Further. the model was as accurate as Forecast 2. which was

based on total failures over on-hours. The MPN-14 data set exhibited 28.5%

off-time failures. It must be remembered that this figure represents t)nlv

peacetime operating conditions and could be significantly higher during contin-

gencies or wartime environments. Although Forecast I is acceptable for the

peacetime environment, it appears to drive requirements levels lower than

needed during contingencies or wartime conditions. Therefore. the Skowronek

model should be used for WRSK computations because it is more sensitive ,TO

the dynamics of the C-E environment.

it w.a's zirther otreq that as :io-. t line -hrs i that .s -rl -m),i

approached the maximum for the epoch, the model's accuracy became better

in nearly all environments.

Some NSN items will experience predominantly on-time failures nInd others

may experience predominantly off-time failures A forecast methud that essen-

tiailv uses a weighted value for each type of failure during he prei>,'on

process would !e beneficial to the Air Force. An immediate benefit .t-)uld
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be a reduction in stockage of \SNs that are not likeiy to fail and an increase

in stockage of those NSNs that are more likely to fail because of the antici-

pated environment. A second and major benefit would be the automation of

the WRSK computation process and eliminate the need for manual computations.

TPN-19 Conclusions

As stated in Chapter 4 the results of the TPN-19 were not shown because

there was no significant off-time failure data. The author believes this condi-

tion can be explained by three factors: use of commercial power, long contin-

uous hours of operation between cycles, and data collection inaccuracies dis-

cussed in Chapter 2. pages 9-12.

First. commercial power provides a constant supply of electrical power

characterized by little fluctuation in cycles or voltage, as compared to gas

or diesel generators. Personnel from the 2 CCG agreed that commercial oower

was not used during deployments and was not considered available during con-

tingencies. The use of commercial power. coupled with the steady-state, nor-

mal operating hours used for data sorting criteria. may have significantly

contributed to the low 3% of off-failures in the TPN-19 data.

Second. normal operations for the TPN-19 provided only 6-8 cycles Per

:30 operating-days. This small number drasticallv reduces the opoortunities

fcr the system tr( experience yvcle fails. Also. rhc najoritv ot the < ,,1

were two or less. The possibility exists that more cycling took place: how-

ever, there was no way to determine that from the MDC data.

Data collection difficulties were also another factor. Presently,. codes

do not exist for tracking the number of cycles and off-failures. If this

information was readily retrievable the results may have been significantlv

different than those presented.
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Recommendations

The author has three recommendations. First. the Air Force should

establish a policy and a program to collect the failure data necessary to com-

pute failure rates considering cycle-up events. As Eugene Fiorentino stated

in 1979, the Air Force field data system, the maintenance data collection

(MDC) system, provides most of the data required to calculate reliability: how-

ever, the MDC system did not contain all the required data. The Air Force

could benefit greatly if the MDC system provided accurate data for computing

realistic reliability figures. The immediate benefits would reduce provisioning

of lesser required parts and increase the provisioning of more urgently needed

parts. Ultimately, higher mission capable rates and readiness levels would

be achieved with fewer dollars spent.

Second. it is strongly recommended that a follow on thesis test the actual

failure rate distributions of the C-E systems. If the true distributions become

* . known, some of the assumptions to failure rate calculations can be discarded.

Once the actual distributions are known model adjustments could provide ev-en

better compensation for the dynamic C-E system environment.

Finally, computerized WRSK computations using data from the Skowronek

model could prove that the entire system can be automated. Automating the

system for WRSK computation could save a sizeable sum of money for the Air

Force. Once automated, better preplanning of mobility and contingency

requirements are possible. The most important benefit is the ability to reliably

* predict usage rates based on the expected number of on-hours and cycles the

C-E systems would operate.

This research should be continued and expanded to benefit not only the

Air Force, but also the other services. The 2 CCG has a full understanding
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of what was needed and were instrumental in providing the needed data to

complete this research. With that kind of support, the primary source data

needed could be obtained and further study on this subject continued. Bene-

fits from further study appear to strongly interface with recent Re!iability

and Maintainability issues.
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Appendix A: Standard Supply Computation

Steps Explanation

1. Determine the number of demands per part over an operating interval.

2. Determine the total number of operating hours over which the above

demands were generated. This is subjective, based on:

(Total days - down days (weekends and holidays)]

[average number of operating hours per unit per day]

[average number of units operational each dayl = total

operational hours.

3. Compute the meantime between demands (MTBD) for each part:

( total operational * /quantity per item)
MB hours (step 2) of the part (QPA)

MTBF=

total demands for the part (step 1)

* 4. Compute the demands per flying hour (operational hour) for each part:

1

D!FH =

MTB D

p,.,

..
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Appendix B: Lotus 123 Spreadsheet Formulas

Column Letter Definition

A. National Stock Number: Alpha Numeric

B. Epoch Number: Numeric

C. Number of On-Hours (t) per epoch: Value

D. Number of On-Fails (Xt) per epoch: Value

E. Number of Cycles (c) per epoch: Value

F. Number of Off-Fails (Yc) per epoch: Value

G. Number of Possessed Hours per epoch: Value

H. Expected On-Hours E(t) per epoch: Value

I. Expected Cycles E(c) per epoch: Value

J. Possessed Fail Rate: Formula

(TtlTotal Failures

Total Possessed Hours

K. Time Only Fail Rate: Formula

* '* ( Total Failures

Total On-Hours)

L. Cycle Fail Rate: Formula

( Cycle Fails Only

(Total Number of Cvcles/

J, M. Time WCyc Fail Rate: Formula

( On-Fails
On-Hours)

N. Actual Number of Fails: Value

0. Forecast I (Possessed): Formula

(Possessed Fail Rate) (Expected Possessed Hours)

:39
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P. Delta 1: 1(column 0) - (column N)l

Q. Forecast 2 (Time Only): Formula

/Time Only Expected

Fail Rate ) (On-Hours)

R. Delta 2: 1(column Q) - (column N)l

S. Forecast 3 (Skowronek model): Formula

V. / ~~O-time Expected (Cce Eptd
I Fail j On-Hours) + Fail ) (Cycles\ Rate ) E(h) / \Rate / E(c)

T Delta 3: 1(column Q) - (column N)

'AD I: Formula

(Summation of Forecast 1 deviations)- 4

•-,IAD II: Formula

( ummari,n ff F.)r,'ast '2 ieviarion')- 4

MAD III: Formula

(Summation of Forecast 2 deviations)- 4

4
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Appendix C: Data Form

Data Form

DATE:

1. NOMENCLATURE OF END ITEM:

2. NUMBER OF CYCLE ATTEMPTS PER DAY: (Cross-out a number after
each attempt is made. If more than 10, add in numbers).

1 2 3 4 5 6 7 ,1 9 10

3. RESULT OF EACH ATTEMPT: (Record any failure. i.e.. .ritca ,
critical. Circle SUCCESS or FAILURE. Add more if required).

1. SUCCESS or FAILURE 2. SUCCESS or F-\ILURE
3. SUCCESS or FAILURE 4. SUCCESS or FAILURE
5. SUCCESS or FAILURE 6. SUCCESS or FAILURE
7. SUCCESS or FAILURE 8. SUCCESS or FAILURE
9. SUCCESS or FAILURE 10. SUCCESS or FAILURE

4. NSN CAUSING FAILED ATTEMPT (OR NONE): I.

2. 3. 4.

5. 6. 7.

8. 9. 10.

NOTE: 2. 3, and 4 above refer to non-operating failures only.

FOR OPERATING FAILURES:

1. TOTAL NUMBER OF OPERATING FAILURES FOR TODAY:

. 2. NSN OF PART (SUBASSY OR LRU) THAT FAILED (FOR EACH OPERA-
TING FAILURE):

.. FOTAL ')%-HO1RS" FOR E..('H DAr' I........RS .,ER\" . \.''

SU.CCESSFIIL POWER-UP TODAY):

When determining NSN's use the NSN for the assembly or subassembly (LRU)
containing the failed component. Examples: Governor, SF-6 tank. RT-1168.
or item that would normally be in WRSK.

-o-

a-
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Appendix D: Data Collection Form (Revised)

SYSTEM:

'-2 __._D. __ ___NIN-GARRISON: DEPLOYED:

."W• DATE'TIME POWER APPLIED:

DATE. TIME POWER REMOVED:

WUC NSN OF FAILED ITEM STATUS JCN COMMENTS

1

USAGE: 1 Sheet will be used for each power application.

For each item failure enter WUC.

Failure Codes for Status Column

(7= Cold start Failure: Use this code when the failure happens within appox-
imateiy 30 minutes or applying power or when failure can be attriblte,1 t,) in-
iDplication of power.

F H= Hot Start Failure: Use this coae when the faiture happens .vithin mppr X-
imatelv 15 minutes of applying full power from a preheat status,

O 0= Operational Failure: All others.

TO SYSTEM CHIEFS: This work sheet wVas devised tn collect data fo,
research efforts dealing with system failure rates. It is important to try to

collect data as accurately as possible to make determination of cycle failures.
operating failures and number of cyles diirin , the poriod co-ovrn dx this
report.

;',r: ,'.:," , -,' ' ,:.' ." . "., ,.. "." .', ,'-"% ., '.' .. '. ',,.',.. 2-,." .,, ..,. . ..".2.V,., .''' . '2','',2'_,2. 2' .,412,



n pp-ndix E. '.,IP\ -14 Data C7af-:l lar p.s

Spreadisheept Layout

44 45 46 47

48 49 50 51

52 53 54 55

'A

56 57 58 59

60 61 62 63

64 65 66 67

68 69 70 71

n4un"

0X

'~q



A B v D E F
NSN EFOC:H ON-HOURS ON-FAILS :YCLES C:YCiLE FAIL

MFN- 14) (t.) (.Xt) Y

599))06264 151 1-"' , 30 C

. 225 0 30 0

4 224 2 -
TOTAL 899 2 122 C)

5840005571588 1 117.5 1 17 1
2225 0 30 0

3 225 0] 30 C'('

4 2C5 ) 30 C,

TOTAL 7EJ2.5 1 10I7 1

5945004661346 1 97.5 1 13

"5 2 141 0 20
3 120' 1 17 U-

4 25C) 3
TOTAL 583.5 2 8()

58350,47904 1 I1 94.5 1 E1

:-"3225 0 3):)

425C) C30C
TOTAL 769.5 2 106 1

584C)004836149 1 225 C) 30
2225 0 30 0

, 3 2.24.5 1 31

4 2, -

TO-FAL 89C9. 5 1 12 t

.. 3, 5()C) 8 67t9 1 9 ,7'I) 3C
172 1

.5--3

4 225 CD C) C

,s J 1 o:)( 7,5o,7,-7 1. () ,.,u"

3 225 30 )

4 138 1 19
TOTAL 81 1 3 1 109 :1

.- -""] -- - 2 _ 30
-- -- --- --- --- --- --- - -- - --- --- --- -- -- --- -- - --- ---

::'"2 221''3 '

• ]"4 31 4 1 1 1

FOTAL 8) I 1. 20
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POSSESSED LONG RUN LONG PUN POSSESS TIME ONLY CYCLE

HOURS Et] ELC:] FAIL PATE FAIL FATE FAIL PATE

10086 225 30 0. 000484 0. C)0254 0.0 0C34

4108 j 0 .000484 . 002,22 0. 00004
i 03 225 3 C). 0(0484 0. 00222 C. C0000

-' 1032 225 3(:) 0] (:)(:)(:727 0. (:)05141 0. 0.(1200

4'128 22-0.4000484 0. (0514 .C). 200

1056 225 3C 0. C:C:0484 C) 250-.254 4 ). 09 234,

4,1(32128 :' 2-""=0 30 C0.0004842 0.00515411 0.0.1150050¢

103 C .30 C). 000484 0. C)0384 ( 4) C)C34,
,00048410 225 4C)C3 0004847 0.0389 0009346
41 < C) C . O)()434 C). ooT:252', .1 (1)0D34 G

41 ) . .... 30 0C .. C 40727 0). 0)39) 1 5,4 . C). " 0430

.-. 105)'-8 3(0 0.:0022 0). 0(1511 .. 00000S
105F C). 0C02 3C .00022 0. 0014 I C) 10.00000

10)2132 . ,30 00C. C0C727 C). C.5141 C 0). C 0000

_.4128 :.007 C). 00511 O. 000)01l ~ ~ ~ ~ ) -)(-5514 1:25 1) C) 5)0 C 1C)30 033

qoC) 225 3 0 )02:..7 0. 00 30 O. 000)04

1032 25 30 C)0. 0240024 .C C C0133 0. 00.94'34
10 225E 30 0 C C)077 C 022- . ('0943.4

* i 1(,')O08 2 252 3(0 01.0"000:42: 0. 00122 11 2 U(.)0,U:;0033..

30 ~C) C)(10747 0.001 C) C(1:31)80.

:.',1032 ........... 30: C).000484C(:0242 0.0011 ) 3300

4128S C). 000:.242 0. 3119 C) .CC:
10 5 02~ C(: U (I004 0011 u

100C8 - 0~ .~( 0 C)f) I- 11- 0. of C

3C C) C) . C' ) C) C)C)C

1,7 f3CO 4. 7,C. .))CC

1) 53 .5 0 C) 02 4 00) (1 172 1 C) ) ) )C)

1))U8 225 30 C UC. (:)0()0. 4 ) )C)3.4 t 1(183

C). :.3 C.0)1) 0. C)0 ~22 0 .C0
- ~ ~ c e 3 ~ C) . C)) 484 124 .083

-C)



M N 0 P R :
STIME W.i. ,C._TUAL OF-OIRAST 1 DELTA I FOrE CA ST 2 DELTA 1

FAIL RATE FAIL (.POSSESS) (ABSOLUTE) TIME ONLY (ABSOLUIL.)

-. C2 0.511628 0.5116 28 0. 500556 0. 500556
".-0. (.((.), , 0 ) . 488C72 .. o3. - .) 5(:(:)556 0 . 0 0 5 56
,y, -(7 C)C5 ) C. 5 ())( C)( ) C . 5 o ()9. C-)C) C) (.9), ) j.
(J. (( 5 2 C). ..00C. . 500000 _)(_j 6 1 499444
C.) 2 23. (_000000 7. C1 1 -

9(:()262 20.)511623 1.488372 ().567 1 4-.1
Z. 0'012.2 0) 0. 483372 .. . 4,3 07 3 j' 1.1

C),0. 0)1262 0 0. 500000 0. 5(000 C. 56o 0. 5
C. C01262 0 . C0000 u. 0) 07oo- -

J. 01262 2.7744 . 13564

CU. 00 428 I C. 767442 0.232558 1. 1563 1 , I 8 1'
Q9, 3428 1 0 732553 C. 267442 1 15681 E I

U. 03428 1 C) 75000 0. 25(:)5(:C(:) 1 . 1 56312 C. i E,-
420. 075342 0 0.C750))) 0. 7500()5 1. 15681 10 e56812

Cu . C(:(:3428 3 1. 5 )C)000 3. C) ())))

7- -- " -= F _)3 7L - .. 2. _ -"', -
(9. (-0259c '-. 0.76744:2 2.2C2558 0. J71" IS'_ '
9 7 02=': 0 5. 553 C).-32 ,5 (: .771 t )

(9,) 0C(-2 5':: 0 (9, 75C(C(0C( 0 . 75 ()) _)0 0 . 3 7 7 !. 93 ,) i7 _ -' -f I:% M Y -,.- 1,- -, f. -: CI 'R .. .. 7-.

(:(0:25EJ -; -5Y (( --()C( t ( 'i c37 7 --- ) ~~
(9. 00259'3 ,4. 465116 4. .

0. 001112 () 0.255814 0.255814 .. (1i ) 11
0((111:2 0 -. 244186 .244186 C. C25) t 3'9 0. 5C L

u. .. . ..0 1. 112 1. f) 25()('0 C) 750)0 C) C 0 _ 9 --
.(9, ((911 112 0 0. 250000 0. -- (') 0. 25(2 13- 0.25(_ 16.1

1:) - 1 I1' 1. . 5_ () ' 0()2 ','¢ (-). 0 =) 117:C) C)-. C)55814 C ) -' .. -j ? ]

(..17 .. 5814 :_:,=814 ( '.. 3 0. 263775
'C(ti ' 1 (. 2441 C558l' 0.

.". ., (( I 7 ' . 2500(' ( ) .5 25('(':()(< (: . b- ... , "(... ,I" ' ,-- .. . -C. '

( ) r(:() I t '" C C" C) "0C -C)':((:' C'-') C" (C

(9, ~ ~ ~ ~ ~ _ Z,1 71 _j. (((0 . 50

(9 ..0112.. 8 .- 511..2i.'-:( '. "8 ,;3

C), C. _,423 4 0.' 186 C5. -4 4 136 7. 2 67 5 3 5.27 75
C- ) C))1 3 C) 0). C0)o- c C ) C5 ) ) C) .. -0 C') :. 7'

C () n C) 1 f-'),, ,=C)C5 )C)0 C) 75(C)(.CC-C) C). " 76713 . ...

_j -- -_. .) . 1 - -

i . . () ()() 1 2 11 ' 8.38 7 2 4" 48 8 3 7 2 < 5 Q 4 4 2 4 C) 4, 13,44

3.4'..
. .1;. ) C ) , ," C

-. - -, -1- -- ---

I,.



- S T 1j V W

, F Ej.-:AT DELTA 3 MAD E MAD II MAD III
LAMBDA t,,- (ABSOLUTE) EACH NSN EACH N-' EACH NSN

5 . .(556 0. 500556 .75 C'. 750278 0. 750278
C.).5)556 C. .5.5.5
C ). (:) 1556 C(). 500556
.. 500556 1. 499444

3.001112

".56426 1.435714 C.744186 0.783911 0.782142

.564286 0. 564286
N. . 64.86- 0-(. 564286C.564286 0.564286

2 3. 18571

1. 146208 . 1462)8 0.375 0.75 0.3962 ,:
I. 146(-)8 C). 1462:)8

I.1462:)8 1. 146203
N . 146208 1. 146208

1 . 5848332

B 0.867814 .186 1.1 S27'9 1.18536 1. 3c1 37
367814 0.867814

-N" 0. . -'314 U. 8(67814
.2R14 . 67, 14

-3 1 -,- -D.,

4

. I50 1 C). 2501 3' 0.375 0'.'3750 69 0.37506'9 "
u. 250139' 0.25013'9

-. 25U 13 C. 7.4861
_? ." \ €]..25013'9 U. -2501_2 9 , "

1. 5 -, "7

.637 7 0.263775 0.377 -)6 0,,38187 0.381887
C. F - --- 7""--.

- 7. 7 .: '7

0. 27753 C) 7 0
S0. 27C75 0 ." 7G," ',J-

.276753 C. 7 2247

-0U.5024 O. 5 , .5 0.5

0. 5(:) 2242 0.5022;'4 2
N . 2, ) U.497758

.5 " 4 . 49775i



., 4SN EPOC! ON HOURS ON-FAILS .YCLES CYCLE AIL
M Nt) :c.) 1 . ). - . :

5 39,5C) 11 1' G 1 *24 1 125 C 30
',C 2 ..- -'- - :) €-) ')

1 172.5 -:4

4 I 31

TOTAL -", 1 115 3

5 840. C)4833 7 1 224.5 1 31

. - ,- 25 CC

0 1(:

Si 3 '-- -=J5u(- 3(:) r,.

4 C).,

T OTAL 3-9.5 1 121

--- ------ --------

"3224.,_'- I 31,.
M-- 4 225 0 3 :

5TOTAL 399.5 1 121 -

i.) 30

•21'. 5 1 2

=33 138.5 C 19-
4. , 30

734:01227534 1 55

,.7J 4 1 3.-) 0)
3 5-" C-: 3 0

4 45 1 1
TOTAL 34. 5 1 11

59. 45003033222U _ 1 213.5 1 29J-

'4 -,-.,--C 3R V-

1 - -"=I -' -13 .'5

4 171.5 1 24

-7-

TOTAL I34.5 1 114

59:'450':0.... 19854'9'9 1 .2 13 . 5 1 30."-'"
-':'157.5 (t :-_ .,

a3 0 0 :13C) 0
4 ') ,- '301

TOTAL 37 : 1 11.2



....O EOSED LONG RUN LONG RUN .SSESS TME ONLY FYLI_
HOURS Et? ESc FAIL RATE FAIL FATE F,EL ATE

i1 (156 225 .33 U *. UC0U0'd' 0. K'044. '. 0"26087

lucia8 2:25 "J:"" 0.* 00363 C . O0'484 C' 0261:07
-'OT 225. 2 0 o (0:1969 ,' (_1,_-00 4 43 .f -1 -.11:,3 225 :1 2. . . " ";.... ..... -....... .

4128 n. 0 '6'3 C. ,0044,:.840 C.; 2(87

I056 225 3 01 . C)4 C C111 7 000000
7 1 C h)l 0 4 ' 'IC) ,4 11 1'i C111)

4 l'3 ) . '0 ') 0 1112 02 E'),00

4 41 '7 () 1C '4 C)7~I i11m)(

1'', ...... .' ' ~ '' ' 1 '11 ~'' '

V. 11150 225 3) '()(. 0 0242 ,:' . , D1 1l . C 11(C

410 C: ) C )4' C0')) C4 . :1. 12-, C0. i' C(iii:9)(

C)~'' 4 C C) I

.. , (- ) C0 24 ,l C). 12 C)- . , ,-r-w) -)c)

11)32 225 3 U . ')42 0 1 12

3- - .-' _ ,' x -
4 1 ).- 0) . . .110C)'24-2 H) " q . 2 ,:.. . .-- C '):

1 C C 4 ) ..

%"~~ ~~~~~~ ~~~~~~~ ....-. ..._- .225. .. ... .L .. . x) 4 ........ .... .x)1 1 .:) -( )):,:

".c.412 C". 00)C)242'"- C). 0 1 1 .0 3
17 7'15 C-" .... - --"

. . ... ... .. . '_. ..... 2 ..... ... . .. .. 1. ... " .. ;'. ¢ ) " ":.. .
-'C C" C.) C) ',: C')C

1003 D."- R - OU-- - '. 0 1 '

t 2 C) I

t.'
1 C) 7" C)

C) C) C000242 ) C .i
)  c' > )

04J
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,... ... ............-. ... . ... . . .. .. .... ... ....
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N " (.'). 0:12'12 4.1)00('0 4 13102!:

C:.0)1112 1 . 255314 0 .-7,44. 0.25136139 0 4
) 0.) C) 1112 C .244186 0. 244126 0. 250C139 ). 25'

* " :10 1 1 1 12 0 0 . :250 ,:':) 0 . 25SooQU::(: 0 . 25 u 139 0 . 5,' !.3':
." ,o. 01 ilC " o r. 25':01:10 0. 2500005,:):: 0. 25(: 13' 0:: 2,': 7, " '.i-' .:"'') l 2 , ) -' ="-'14W ) 25581 1 :'' , 71'9- '5.::

0. 00c1112 1. 8 372 1

0.0 1112 ': ' CC 0. 244136 2 C C

-:" 0 ))1 i112 1 ( 25'9 ':,: ,:7 ':000 0. 72 1 50:'39 K. 74 {:,2
.0. 0 0 1 1 1 2 0 5 0 0 0 . 2 5 ... x... ::.00 ....... ..... ...

. 0: 112 C.505 :53 0 1. 5-,C,

- )C "L 1 1 .410.C 0.7 5 11 '2 4 13, F,-
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% W'
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Appendix F: TPN-19 Data Calculations

Spreadsheet Layout

73 74 75 76

77 78 79 80

81 82 83 84

85 86 87 88

89 90 91 92

93 94 95 96

97 98 99 100

101 102 103 1104

105 106 {107 108



,-q
iT 7

, , . ,j , -. .., .. .. .. . ' .. .... . . ., ' ". , I _ . . . . . . . .. ... ...

•4~ . ..... I .... .... .. '.

" > " -.-.. .. _ 8 -

-1 *O.A.

2 '-"C '

62- --Ir , ::::

- ~I r . c-, - -, -.- " ' - " - ' 1 :

' - - -: . r :

, T ,.A L -" "-

'. ' 4.. . :'

a% ,,,, ~n , .

9 )- .. . , : 4

4m'- -. U ' .

* - 3 -- vi. 5 ' 3

" -' 4G _ "i



,', ,r ,' I ---

- T4CI. ' 1 F '' : TZ ---Q 1 :' E1 0' L

~,!7 
.1.1

. ..... .... .. ... ... ...... r.

- C:-- j u r4 JN

4- .:. .4

1, -7)

Pt-7,

IC .2 2

. . . ..... .. _ , .. 7 :-. .... "... ._.. .... ... ... .. .: ..' . -.. . . , " , , -".. .. . . . _ . .

-. C ) -

I r7~

" (.f .. 3 _.,., ., '1 ,h :C - 1'_ -. 4 2 _:. _ .... ...... _ ,:, ._

,*+ " '" * ,- ..- ' " - - ) . - : - - + + . . .

- --- 4' . . '" . 'K - -I " .. .. . . .. ... . .- ' - -- -

" . - + ]: F- v .- -' -, - " + ' . .... .. . .. . . . . . .

.', -, - . -" " , ,

1 2

K. ,~Qt C't " .- -- _. -



,,.

-3--

""~~ .. ..... ... ':....

I~ TI

. .. . .... . ... ... ... ... - '-...- ... ." .. c . ..

N-, 0'- ...,:,.. . -'' - ' ''. -*i" L-ac-a-- .. .. . .. 0 - .SU0.9": C 00-c -T1 .. .o -,,to:

'. . .. ...- '. . .. ..... .

I -*
-nn. c j,......

. . ..
41" **c- J~~-~j

' -, 0,:h , ',. 12 '::.: '3. ... oo ' : " ' . 111.!20 *:. .. ."o..o '"o.....

- - , --' - , n" '! T~'r-a T"
-

L-
-

)..

a - :0 • ' ' 
'. . 
d ..': : ' ". -. . . . ..' . . , : ; : ':--j I "_ , 7 - i-- . - ' .- . . .c , - - -. - - --; .* ... :- -

C . . ..

,, . -: -_: 4 1. 1 ...c j.ja , rc,_.-c.. .. .-c ..' ,.2.

. . ..... -. ... r cc.. .' . . . ' " ' ". : .,: : 2 Z " 2 :: I . -

:: -' ; - , I". -'. 5 -' ; ., ( ; -". ' " -) '- -" .. .. ' -

v , 01 *l

ii r -1-

-. ccI~cc.c~c ~ - --- - cc -- r-'t- -

") . .. - ~ ~ ~ ' / , i I i .,-,c" -- c.-" 'c '"-- "--- c c < ,,,.- , ,'... . . .. . . . .-- " fr ,l ' '" " , "" ', '',''.,. " ' " ," ", "' 'W ",



-- - - - . . '4 .... '- '. .. v--'r r rr .- - - -

I, -7

V 
-- Cr-C T- - .. ' " r-.-- , -

I 
'

L . _D. . ,. . ..........z. c .. ........ ., .C7..
.517C 51C

.#~~~~~ 
4: 

.3'7 5 48 -., ,]

'=q~r r-rr~') 
.50. 4 ...' .C .5.

P oz-i .... .". .- .. .....-....

"-'.~~ 

O 

70 ,

' - ' . ' -' 7'

-..--.. -,. - ,'

- 4)... 
3"".' 

4

.) 
,-, ', 

'-- 

- 5.. 
5-.--C 

4--"4,

- -. 
-., .... 7 '''7.

- . c- - -7 -,---: .
-'-57-.-7 

-
.... ...-. < . . . :. , _ 

-.
4-- . . . .. ..... ., 0W .4 ,. ...

4 
. <"i 

,•'-.r'N 
trJ',r..: .U '..'-]

2 . 1 ---. 1T 2. 3. .... . 7 0 . . 3 3 4 ' C 7 0 4

. 4211 0 . 242112

I..'Iv- . 4 .

.5..-. 
...

3%," 
" 

" 
" " " 

" "." - , -, 
>



.T N -- It:: ,.: X::I. ."",'. i,_ ."'

]."7 : .. - .5" -t--. ':[? 7457 A 2 :

2 , r, -
1 OT, . ... 2

------ ---- .' l Y' C

T L -,-- -

7C T L741

* A.. 2* 7 4 1i

Cr 27- ..

..... ........... ~ ~ ~ ... ... . ,:, , ,- , .... ¢:

.. .. ... ... ..

1 '

:7'L , = r 6- '

•-4

* 3-'DDSC:: 17404-

-o. '-.4

.4 . . _- , . . , _,. " ' (5-

.1,_.,'... ,
'4m.. ..r-,,

. . ...t .. ... c, -, . . - CA ... . .*1"

•- u Lo--r .K,

4 'r m 4

j34 'C ' : C- 0 ,], 7"

.4 ri 1..... t..4 4 '.J-

TOTAL 2275.5 i 2-7

N,

p -' " ' " - ' "- " , , ". ? ". ,.. -,,.. .. '". , " 
- - "." - 'J" , " ,r "'.. ' '-



- "- - v r '< ,-" wr r-.-- '-1 .'--- ' I-wr-w ,. , N, -- aI" r, r'--- r- - - '. w- -- w- r-4,- ,

1.

1-10 ON F', 'AOOEISL T :z a:,

N-Uu

"5.C4 
I-,). . 1 15:

II Ci 
9 C) -,.

.tC4 C)

"'¢'" 1000 5~~~~~~~L>T .4 S (' 0 2 2 0 4 5 :.- :i':0

-... 
..... .' .

1. C... . . 1 51) ,C,']; 4 C. C;.4 ' C, C', "} :
,. ... .. C , -4 . C. C- ) ""," 2 2 C ):1 C , D C2. . ... ...

- . ' .'..-4, . , . - ' , t ., . . . '. '- . . . .

41 ".. ..O '._.' - H,. -.,-. - - _ ' -

- - 4 ,.-: 
.

. .-. 
. . .

""' .. cl*.,. ....) 4 . 9; :-.,;')'-t '

- .d2l3.. , ' ': ' 14 .5 7C) U) c 1 r: 2 : .C ) 4 5 : .: : ?
-,- -,-,j', ":] (2 , '. 1:'') ' ) ) .x :::

, I 3 ... @ :, 4 5- :: ' ::' . . ..', ' . . .

1052 ...1 7 , ,JU) -1.2 .: * )(K1- W 9-, ;

-1: 
. >-.'[-. " "" 50.4 o :'; "-"... - 4 c..Ct:3'C]420 C " a . ....9 .)(.,- 

. .',.,'. 
.. 

,. . ,

.12 8 . '- ' ... . - ". < ".. ' ,- '! , ::

J'105 e '2 . 7 ,:. )-c .: .0 -¢.L , ) <O , ]
r ,L 5 .. O q.0''24 .0 14 0 0 -O ;0

, . , , : . "' .'. : ",. _ , -- ' .. ; 3 J .. ....



I. 7L LJ 70552 LDLJZ 12O..-,.rrr, ' _ .- n .7

. .. .... *. '. -. 4 " * - . .. .....J4. 7 : .-4 .'

. -- ' . ... . . ' - "

. . . .... . -::. "- . . .. .- . - . ..

- .,._.... . 1 I .. .. .. 4 . 4 ...- ~.. ..... .. .. .

C) C)4 C) -* , -4 -7

., ... C. .

• " "),-)C I. -' = ',5" ' r"- ' . . ......... . . .....

. .. 44 1 - 4 I i4 4 _- -" _

'U U U

K) 5 1 -. '

" . .

S. :-7i " -U " '' 0.2 > -.... ,.,.4. . .... :3..C....

1 . : : : , 7 . .L : . . - 3 :'1' . ...4 ' .. . .-- . "'i - 44 _

4. 244 ...J4,2 : 2

:r - •W - -.(.. .,V '.* .* *.:.':'': :.. .. .... - . . *...

:'• "') )'-+ " '-:', 1' - ,-'. ... , ": ."' -"" ' ':' .2 2 '_'0 # 9 . , -: -. ...



s,,'. ..... ,_,_ E., L D E T . .. .3 1.

C" t

..

-J '-J 'D

-222:20I= 27 DlT=AD. MD A

. ........ . ErA,. * "' .... .- "-V '-- l'... -,-- S

* .2 0 2 ._'.0200, _ 0.. 2,,0 0. -'7 : .270,.. 7.,

440

-- : 5 C C7L -' -

.4e '). ._,' "b 4 ,, .,+

405

-J,.4530C0 1 Cl7

7 ' C .... I

% 2 4 JS .

"""::-. ... ..,'1 25770"-''' -:: .3'7 0 ,..,,00.,,_,-....'ID 0.'

. -'. ,_: . _,,4 -"'24 " - 7 *' ,' *4

}.257,7 ., -:" - 271.....

'.-; - _ : .. .....

... , _. : ' ' ...... 7 - '4 ~

V~~ '.5407 0.540

"-'01 0'. 5

a'... . _. ',. ",_.. ,

, , - ... . .. .

. ':-. 247050 :.2 7 5

'. .. , Z . '. ., -- -' -.

k i. ,..5 2, -41

S.s



v--"'' . .... : j ,. n rrw -r- v . - ,,, rI -. o , ,,. - - ,. , , :,. ...- - .. ,L- .- - 4 - "' .' -

S%.%" 
-- "..... 

. .

i 

47,2,.5 2

,J ,-L 7 4 ,-. - 2.4-.- -4 '

4 ,Q 
4

.... 
..,...,K4,._,,.,.,

-S -,.4". 
4

* . .

,404 
.

;:

• "5:,-..,' 
.. . - ,S1 -

.... .. 4

• --.
r-,4

,-...-.-, 
4.-

.. 4 r.. -,a . .... ,52 
-

44 ' - -:" -' -5400 I , 
.± 1

'. 
-... a ,,.I [' '""'". 

.. 
-",,"

-S., 

2.-' .- " ...." 
"

o'.4/

""I , 

...
... . ..... ,1 

'.



LI.
•

.-

°ii" . .. _ _ ... . . [. .

r,-

* . - ,- . - '- • - - ..i . . ++ _ . . + . . . .

t.

.. ... *. 4.. . - :) £ .. . . '. , . . . . .

'it,., .-'. - .', 4 2

_,"

.8 € -- .;--' .. :4( +> ; "

4__ 4 . -4. .'.. .. . -4

i,. . , S . -.. . . . ,-. . . . ...

., . '. - .... - ._

8. i ). .. ... ....-J ._ . . .

.<. . .. _. .. ... . . . . . . .. ... . . . .

-+. , ~ ~ ~~ r .+ . : . ... . ...... . ..

. 7 -( 
+ 

' +- .- -..

• ,, ~1058 C U1S i "; .:- .,::Ii 2 .. i..i

'it2 ' -- -( ,-2 t; ' ""4 2 i ) " I .



1.

-. 4

*2

U I. ,¢ - .... .. . . - - -... ...

*' -' -,. -: , .I - I. 2-i-. *: . ..." .... &..... .

N -. -: - -.'-.-' - ...... 

-W . _ *. - , - _ . , , --.-- ,-,---

- :- 1 . ,:<t ::s...-.. -........ ' ... . . ..."-

,°..- .. ... .- -
.. .

-- -''": :- .0 - - , 1 ..-..- "...-- ,.

.''"- - I'.'- - .. - - " - "... . 17'7 : ....

'a,- -
. --... F-- - - .. ..

'p , 
. . . . .. ... ..-

,r.,.*, - ........ - K-,- .. ....... ,- - - .' , '.A- --1 .:.,: .L7:.2.]: - . .": : . -- 7 "...

'.?:. ': . r --, ........ ...... .....

.... -..... 
. _,__ i .,-.

.. .-, :. : : :., ~~-I-.oL!_. ... .....

, ,,',, ,,I

' r'l,, f-rn

'. ._rl 
'

, ,, . - w ,, ,'. . _,,"4 . " , . .,.. .. , . . e . . -. '. . . ," - " ,"



"'" :.-_ ,m,...-2 II2 .:_

-t" -, --." -' -'- -.-'- - --'--
-

' C -: --. 2 . Z - : '-4 L.... . .- - - - -..... . - . . " .:

-- . -'2 - .. <. -4 ,' "-, 4_ J - '. .J ... - - - -*

-. . ..... .. ..... -4 ...

* -. C Y '- . - . . : - .

*. . .. . .I

All --. I. -

" -1 ., . -n. - -

.- ,fl 4 'r - -,. , - -* -,)C... .

..I ~ 4 .... _' 4L,74 , " ... "- -. . ' . . .. . .

,, ,.. 2 32: - ,. 3S17

" --4 q_,' " '' :2 . : .;:: ,-: : .- ""'"'""" -" ."- ." " -

n4-n amn tlaIn nS il ":Y" " i::" :> r ?"



--------. .- ~-"--..----------~ y'.w''.'v'wrw~.-.L . -- "U--------~ 4- r'r n

4J.

4~ -rn-rA. -- 4. V - -.

4,-.--- -9---4j~-qn I - -. 4

at. - -"--'I - --

-, .4 41*~~' -.

"S .4- .dll,

-a

A
TOTAL IEQY.

CLQQC.4'D4Z:I.. I C I 321 -

'.4. .Th

* '--4 .4--- - 4.-i
'a.-

-. - I :.4.-..4....4. .4. .--.,.'.- .4. -

'a

'a

'a'

I., -'C . -

4.~
J -- - ....... , -

-.4.,.-. ~.-'--4. -.4 4-

I**~~ .-.4,4Q, --- 4.4,44.- --. 4.-- 4- -.I w.- - . .4

err' -. ---4

K 4- .- JLJ.4 - --4

S .~-.:,-, -----. 4-- - C

6

a' $c;:~k~ ~



- 4 ~l44I

-- -~.4' -I- - -. - '<---.44~- -...-..-.-

v 4.

.4 -. - - - - - - - - - -

It
4

4:4' C'

0

'I

44 I )(

-. It),>
- t4

* 1%
- 4-- - vw) Fl
a.-, -'.4

"p. 9-).--' .44

41)) 4 4,- -

,tj.

-4"

r

"p

*1~
.4"

t
04

-S

S - . .



RATES FOR COMMUNICA (U) AIR FORCE INST OF TECH
URIGHT-PATTERSON AFB OH SCHOOL OF SYST D G WILLECK

UNCLASSIFIED SEP 87 AFIT/GLM/LSMAI87S-84 F/G 15/5 NL

I.1



.0 W- Q ~ W5l1

ILD

1.25 11114 111.

MOCROC, P RESOLUTION TEST CHAH

NA H.rURLAU U t&lAD96



ViT' ,"CTUAL 70.,17CAST I -ELTA1 I F0 1

LS.m T'oo:I C"L z. 5c)) . 5):cc ) - 727

C4 15 0 . 1054

24 (:53 -0 .2 45T0ICC E"71' 2,41
C ~ . 4l , CC(, Q I _

U4- C) 2 CDDr

5 5 . 4 14

4 C~%. - .4

OCH I'4  D' 7.J4. 5) 0 C. C,-., C.2

4 7 " 1 2- 7

- Z7

'J4)4. ZC--4 4

H I 'i:c ' '' ' 1j

@4

1 1 4 '1d



S0u-.:-T DEL -,AD Z MAD 2 ,,S -
,'A n t,- A A r^ r LU T Z ,1 NSN EA -I1 ' 1 A

L.. ' ..... ..... .. ..5 I ... . . .
., / m -. ,. .. - /. '.4.

0. 2576£76 0. 257676
.438543

:320,419'3 0. 2041993 10 50'--'07 0:'. 50]73.17 0'. 5,.07317.j, ,224989 00

..'.../ 7... 7.. ....
0. 2 4199 7. £,641 -"-,,

"', .- , .,-", -7

224072,., ... 765927

2532 ; 4 31542 C-., J4C727 -5

0.. -.. ..... .... ... 2 4 . 25 C :'-. .... .277..2 . .. -,7 ...-.--.
,0.22304': -. 49*

O.25 7 0 - .... -I'
* --. % 4 4 L

"2 . ) ""....... .. .. . .. .. ....

0.257 676G C) 2570C, 7 50c '0 0.50C)_76C24 0.50C75S22

.22 4 C2 -C,

..... ..... ...... ..... .....

.2 7 2 77 0 ''37 7.J-.

s:. = . .. ..- (, - ..... . ..... .
* ,-,- ..,---,.-

Q " 4 '

... .. . ...

2,7" 2 f7



A CD

NON~~~ FC NOUSOrAI LS CYC LE I A IL

:xt Y..
5 ' ,.. C).,75S5DCC & 21 C' 7):

2F 54 N I t

4 C21 u CTOTAL "-. " " ... .

Er/.4 '

4 20 7

, ,. , ,. 24 " .5 -,::

,- LI.. .,., -,., -4. .. .3 1 - 7:

TOT : .7

TC, C- ri

4. 5, - .L,
.. .- , /-b.-., ,,-- ,4 . .. ..... .

TOT AL 2174.5 .

5C' 5C 17. 0 '  1 C) -
. . . . . ..C . LI 7 7:

C 2 7 5

3 4~37. G,

7TTA L -' 4"

=G .4



-1 R-, J F::: L

, ,J D~~. .. i .,. .... ... ... , . .- ..... T ,,.. .... . .. _. .....~~~HOURS ,"U Jt E [,cJ F .IL ?:." ATE TA IL _ RAT E . ".- TA IL. R. . ...ATE,

i05G 21 7 ). C 0. C00420 03. OC)'C00'

0, Q 504 a 0.c. v" ' . "( 0420 C . C C:C

1032 G0(4.5 7 .0 :242 0. 00C42 ) . C:'3'3,CO
103 ,5- 21 o., 0, "'' z"r-' ... 4''''''''.... '

4128 .0 C)242 4 .2 )0420 3) 0 )000

100 021 7 .003242 C).():)3:415 ) .)00QC)10
504 3 )00242 C) ""0C4. ' 5 .0 42 0. *:0"00415 '" : :,: } :
021.. . 7. ... : 0242- 0...C. 1

02 .. " '1 ,you C C .:'2 2 0 '¢ 4 15 0 31
''  

'1r
0) I =5

r,, 7. '0' 4- :3 ,0 4 3 3. :0

.4 ,2 C) C,3) 4 53 3,3

021,.: 5 . 3 3:' 0".. . ..' 0 '.:P4 3 : .::C:: :

" .. ...... .". .... -.... ." . .

(I --

1(...2 0 4. 3 O 3 0 42 . 1333 *.6.3 O .. ..

41:3 02'u 3 0 3 (30242 . , ,-, " " "~ -'O 3. 3.-,,,3.-.),,)

S4 - 331. :)0 4 . ,70 ".r

1 D 02.2 C; 0. CC 3: -31

0.21

7'C OC -6 . ;

21 - --- .... ... ..

:3333 5421 ., 03333 1 € I . 3,3'034'.00 30. 333'131133 .

1 8 -5-4 -4-:. -4 / 4 C-- 0 C'. 0. G
4032 G -I. C7 0. 0 2 2 C).C)04 1 O. C) D0::::

,,~ ~ 4 Z: D.., 2_" 4 . 042 C) 'D0 C. C 4') 6 C:..000

, . ....- c:.3 0 . . " .2..t..- . 0O0 ,: .

44 4"- C) C).' , - - 'D. . C . C
N, 0 C) 2 4 C) :2'~~~~ C) .. .. C .. )' i- . J.( '' ., 7 '"("""

... .. .... 7:.5:0 2 I- ::'.'A46 0 0C:::0::,:C

.,-, ~~ Ua 4- C, 7

.a~~( C Q- -4 -C ---4.-

-t r C). Q C. 0 40. C)- .000030 CO. 000000WIC



A A ii I E IN . .. L ra-Ar'"r

a IE . W ii- ...... .. a ".......... , ,,".,-_ . J, .- ... ... .. L .. . ....

4.-a :',, F'i4l 4 I -, *,C'm.l--a... .... , -'-.......

f... , 
1. .. .' ' , ):] 25 '('x':: 750€-QQ '. a..__,.,J,. -,:..

00o041 -27 531244 25z2 t ... 13C' "
-. 0004 4:30 .5 C) C.' • 0 7

0 &" 5 1 "-'" .0.0 a .(. 250032 2' . 7 " 0

... C... ,,-V 2 --"e "m-....'.5 ->...

':'" '", ;.' (.; ' 15 :] '.].,.,.-,,. 1 r'- . . ... .. * .- ,.-'' 14'-' '- U. .. .. ... *-5 , 'q . - '. . .

.-,..- .',' .1 Z ......, .75 3_A -

--G .... D ' ..... . .'7 - 1

0 CC4 7 C)1 C)' C)) ) 0 .( . - 1 ' 
0 " ... . . ---

.. . ..

4:u0:LD : 2W r 'C 2514 0.0403

03 I:'- 14 03 * 7 5 -11222 -2 . .

--' '" Q 1.0.25-:..5.. .. ......:..........-

-) - )4 G c .' ''" U " - .. .
' '- ......' . ..

-. -,: :r-' -; 250 :x)  ....c .- 20.."- -.

0 1 r 4 43 G1,

. ..... ' ..... .. ..... .. 2 7 7't '-
1

, . . ... ..

S C ... . .. . 0~0 7" .. . """ . ... .147 .... .. *4.. 1 ..

C) C. 755- - - - -. . .... ' ... - ... .... ...- "

U- C 4 . .



u 4

. . 2 DELTA 2 lAD I NlAD 2 MAD
LAM .D , , r . U T2 , A, . I NN EACI ,' 1A-: 4 c,

" . 26C087C" ':' ...... :" .... "' .C .... C'. ,"'" . ... . .. .. .. ... .... .... .

O. 253930 1. 746062

u.2-6C.-, --.
,Z'.-', 3. ; 7 C ... . .. 0 5 !2Z07(0 5..7 2 7 .... : "

=7. 257C . 7C

5: 7G '] 3 ,7-- Z. . .. . IC; " ... 5"77 LC;..."' "."2".. .

'0 . 2 ... G,-, - 1,- J

-- , r-, -- fl.... --- -.' - -,= . -.- . . . 4 .. C

?,. 2 7 .,' 5 ...... ...'..... .

. 1",

25'3..2 .. : -03: 7:-)-

). 3 C ,2' 3 . ' . ....... C:: .5('C '-. :. . 500 .1 : :' .5c)9"115

-7. 277 2 :-' .
., - C.. ,., :] .fl " , -I .,'"' ... tfl -

t. ... '' . . *'4 * -

..J 2 .07 '.- '*: . .47 - .4 . *4 7' .4..7 :. 1.-"' .. . .... "

. J..... .'_*7]

0. 00 '- -  ::. 21 .. . . .. .'... . . .

7 . 72

4 ,S r7 C) I cii



ri E-0 -1_ 1 ON HOUR G..;' -,,:L ' .. ....E 2 ...... - " IL.,

.. . ............... .., , ... .. ...... ....... ...

ZC4CC.... I, 75')514' 1 621 C. 7
/-- Q 3-, IG

i4 621 C' 6 ''
-r - A 7A, C 'D -C.

,TOT-.,L 24Cr).5 2 ,_ .

504C.. IC 53-156 1 621 C 7
U" . .a., 3.

4 52 .

TOTAL 2.: . 29"

Z C_'5 0 7 7 :-L . .. ...

2564 "' 0 :

4 "-" .... . .'54 64

,..,.5C,02C.0C.1,
,8 ..,.235C 7' I

TOTAL 7'.

O 5 C-) C-) .4D , C 6 7 1.7
564 "

o.'--.,.5: 7"

-GL4 ..j

6o4 55
A20.5 1 - .5

D-Z C) C- I " -S 4 3G1 ':

0 0304 0

A ,. - Ir 4 . .3 G7 .3

TOTAL I. .L 7

Lim 047 ' 7:
20'-48 0 50 '

- ,1.-,.J* 1 .5. --. )

TCTAL 10760 7 22 :



POSSESSED LONG FUN LONG RUN FS ET TI ME KTONLY YLE
,r~~~~ I..- EI I A , r ~ I f rA.L 7s* '

. U. .. . .... .. a .- ..... .. ... .... .... 1 ~

1056 621 7 0 .04a4 C.830 0.000000
I f00 504 0 4. 00.44 0. 00030 0. 000000
1002 604. 7 . 0(00484 0 . Oos30 0.000 C000

10 21 0 0034004 0. 0(300(30 0-. 000 0
418 3 0484 0.00030: 0. 9000000C

105G 621 7 0:00242 0:.000415 0.000000'it
1C 3- G5I C-C1'..242 0. 0004415 0.00CS.(

451.,,'=  00.400(0((:(242 0).00042 C:500

9..., 0 2 '3C C354 7. C J Q 5 3

C21 7 :.0 4 Z ( 4
..... ... ...... 504 . .... .. .. .33 4 . 00 4 0 0 ...

I04.5 0. 00 024 .0.0041 .G 000C
100 61 6 00 242 ' . OC4 4 
1 C.. ... C) 0 02 2 47 .1 0.03-%3.4 *

1(5 021 7 C: .00242 . 0000424 C . 0040C
0. 0 0242 .U 0 0 

.,. i .- r *.00434 0. 00043 03 C 4

l ~ O-t 5 ' 'S1 -.0 42 .04600-0

.... .. * . ..'-, .... " .. ,

101205C). (:00434 O:. A3030C0 0. 02000

10325 60215 7 0.0(:0:0242 0.0(:004 15 0 .00000

1032 sot a 0.000242 0. Z40415 . 00-0
1 (:332 4.00242 a. .:573:034 15 0. C00 000

1~.- ooz 021 0) o) .. C3(.24.,:3045

1056 24 7 4 3 0.C090 0 40040 7. C; C,0.

41. 4, r4
12:32~C 02 (' 2a 4 2'D 004 1 i~

10)53 ....... , (

1(L0 C13. 7 Cl% '''34 2 9 3((416 J.999

11:3Z 04: 0 ) . t iutL 9(

41) 2 1 3( 4 3 0A-.. '39Q4 10 .- C*u99' C C

I ::3 004 (D U * C; 1040 CU. CU4 0 . QC3UC:
41,0. 0 0' C 4 C C3

C 9 r I~2 %ast

412 C). C(:3010)0C, -(:.1:0C 4 10 C:. . C)C- C ( C

2,C S1G3 ).CI j13 f:



TIME W/,C : AC TUAL ..... 1 ..... FORECAST ,'. _.. ,, -~~~ 0' ,.. _.'o D- ,- I F F. E S T 2 DELT7,

F AT FA ILO 'o -0"' A T-0L"T OD~ NLY~

000030 0 0.51..- 0 , . .5 0. :., 0-
U .)8OC , .'. 0.403 ..... ' O . 4001:7 i0. 14
::. .... ..)0830) 2 0. 500000) C) I . 5sccc :)C) 0 . 5(:)173' , 4 : . *v;.,,:cc' ---...

SC CD c.) 0 - 50 C) 000 0. 500000 0 . 515460 (. 5 15 -.. .'"'" ."'.} C:' )C 2 .'-  ':
D7
' ':' '

"." ..) .... . .. . .. . ....._.

C. C')415 0 0.255814 .55051 .4 ) ..-, 0.25 5 1
C) C o 4 0 SL 1- 0p. u 'x'00415 I 0.24413G0 -'" ... .2"-341.... : ''""-:

). 004 15 C . () ' . '. 750000 :. 2500 . " : .. 4:::. ::'x'O 4. 15 ': .: . 250C;'..'0 ' . 5000C. ,..- ,,0. 2 ..., 0. -2,5,7... ..

.. .. .. .. ......... .. ..... ... ...

C).,C.,(,4... ': 0..'550. 4 55014 • . •
2. UU.4 -- 1 0.'44106 . 551.4 C). 233O0 .70014

o .. C)1'C)4 4 0. 5 C, 0C C) 75 C)) 7 . 5,.., 0 74,-.

.C)0 ,24 : 1 - .. C ) . .1 "2. ' C.. 4.. -. , 4.. 1
2... * .424 * r ... ".1 2 .. 2 . . .... ...

: C. 000415 C ':) . 0 .)..... -.

..0 4.5 " , ... 4 : 15 ' " .

.C,........ .. ,.-,., C C 7 7..

U. U ' ' '' 0 -"..... -

14.C .... 15.,.'0 0 .. ..

J.000415 0. I .-'....... 255814

. . ... ., .4..- .4 ., .,: . 4 '*..0 -.... r ... ' 
=  

' ..: : '" '

C)".C U425 " ::. -1 1 1. 5501 .- 480" ... ..

1.4 -, 7*.LI& 1.

II'D

014~

. -, . .. .... ...

:, : '} I.. . . . .J .,-'.... :. -=" -E_ , ' . :: .2 -:. : . : i . .
O'. )004 2 1. .. C 7 .,, ,. C) 3 '- ..... 6.." I-". C.... . :: ,.... ... . '. ...

5' , .( ) ' ' ' ":. ,.. . -.. . ... . .., . .. , '' " " " " : .- . . v: : - .-- .5 . . . _ " _ 1 _-



-217,EFAST DZ DL TA 3 MAD I MAD 2 MAD3
LAMBDA t ,. (ABSOLUTE) EACH NSN EACH NSN EACH NSN

~.5 154$ 4.GO4', 0. 750000 U.492 074932.'

0. 50 1704 1
C).515 4 6C) C). 5 1460

0.'25 7032)7 C- , ,57 831 7 0.50AZ30--7 C).507629 0.5o0279
f-.-,4171 , 30
J. 259J C '3014

U.. 203350C 33 .

7~1 17

. .. .. ... ...0 . ..5 ... .... .... ... .7 .4 K ... .. .

'2. ~ ~ ~ ~ ...L~ t...... .' . .....,.. . .. .... *~ .. . ..J.J .. .. .J.....

.4 c",4

*~ .. .... .....*

35240 1 0 5201. 510C 1.51.5 1 -t Z .
1.040631 1Z 5 13631Z

.4~~2 7J S.'J

*~~~~~ -.7,.. U4



A Z - r7;..

,'6N ," _.- ON -IOUI: N--FAILS Y L:3 -'"- F^ FL._
-TF'N-1') .t I t

- 5 3 ¢ :1c 5¢02436 1 136 3 0 21 '-

,n2I '22 '..::

'I, . .J. ,". 1

S4174 [3 'G

TOTAL 7122.5 3 75 :

23564 0 1 4. -1

.1 i rr

- 7*~

4 58. 7

TOT AL 7 I5

5 ,Dc..(.J 0... '31 L..5 1 1215
2 5 6 4. 7- .." :

-1 C, T]i 3 1 ,.,

.- .. .... ....

= 0, C C .-, .-4 -, rl

-1 , 7 '3 C3-

50 13 5, C: D 0]. C 7

4 'D 7

4C ,I2 .]: ,

J~j C,

TOTAL 2103 1 -25

;-,., 5935.,009.,.0,05470) ,, 6 1 7 :

,- *,.; . 5. . 7 i.

C. 2 -. 1 .-

T 3 T,'t- L
TOTAL ....... .. ,, .. 4 i. ,

; 5002472..:1I 22

TO0TA,:,L 2.41C ,] 2"

,3,, O ,.,.,..,., D4 ,,.. 1 621 U'

• .-# , '

4' Li... .

me - - " ' '



C..H- -J' hI I . I

,-..E-3ED LONG RUN LONG RUN PCS S ,E .j ,- I T : 1 L .... S,.

O 1 J:. _ Ec FrA.IL RA T E A RATE F4:iL RATEl-lu ~ r:., .... ... .. .. .... . ... ...

C0 103 i .0. 7 7 (:1CC) 1 1 , .CCC)0:o
7. -. ' , c 2 _, C10"0;3I '2 24 a-.0t: 7 7 0 coo) -i :_ . ':t):. '0.

13 1813. 5 21 c. :, 7 7 0. CI C C4 c C c C)
,. 1 1060 10 ¢'I. v'"", . ', -, . C 'x' 421 .- . 'C ''.'0 '
-I4 2 U. 00727 . 1(4-1- 170C-1 C' ]

12"S 621 7 D. 2 C 4 21 0. C)..900

,Itb'.', 5G.4 0 ,'). C')C))2'42 :'. 0 -..?I.' .:',C ' 0 ,

I 0 32 'S21 C :'' :) ' ' 2.1.z4 21:] (: 1 -€4 21 . ) ,:],'" 'a.

$4128~ 6 1 ('1.11((1 242 . 00 :-2 :.Ot):.U.•
c ( - -

C5G 621 7 . C 0242 C 024 5 . .

004. 1008I . .. ). '*..... '

)r C~ C 4rf

1. ..r .... ...' .. ... ..... . .. ..... .I ' .1.,:.6 0. - (1 -.1 . . .' - ' 1'4-. 1C

4 C11 3:16 0 4 -:: ' ' 4 CI . : : : . . C. '- 7 C f '

t (:... CC 21 . 5 (:.10C1:242 ' Cl. 0415 'C:: 10
1S CI321 1 .- C- D 4 ) flff "71 --

4 20 4 151:14 f:.C-C (

.... . ... ... .. .. I.. .

1,I. j 7
0 

.1 tC ',: 2 ' ").. CC € '. '. -_ .. 0 . ': 0C ,

4 '..n,-rC I) ,1 .,, -r I 'I . (- ' ' ; - . .

-, -' ' ) ..- . . - -'D

'.,1050,-,0.221' 7 1) 111110242 ' C I:;''t"" 27. 4 ,'... 00 Cr),:

.):C)2 6(45 tIC CC 0. C)2 4 0 0 2 . :4
032 -' 2

Z4II
., ~ .:] : , ... .... .. ...... .........,. ..- .. .. ..... ...... .... . .-' .. .... ... ..... ..... .. ..,,.,. ,. -, ..... .. : : :-: ._ .:: .

- "" ... . ''- " • - ' , .. ... " ' " CU

I ..., C- 4 5 :: 77.- .",) . .. (.- C) ,,' .. .

1 0 3 2 o ::' :::) "' "' ..... ... . ... ... "" ... . . : . '.:. -:: 0

J.. 1054 CC 4 j

.) .., . -7,- .0 c' 5 _ . , ', .:L,.
GC .,. -. .. 6() 4 .5 , CC .C ('...04 - . 4 )'.15 C:) C C)0f0)

412'

10(:5G Q2 7 C). C)0 4 .0-0 1 . CjkY,:i-.;
"4 (-(-a 56. C- I. 0 24 0.D - C)C C)0C)4 15 C)0 C)0C0C0C

-p
C) C) C, C)

oil



NW/C: ACTA -01-,r:0A~ S 3 , FECT 2DELI'T I tE . .. .... 1 T LI DEL. T, 170F DE
.L A..: 1

r'J.I... I. I " . . . . . . ,. . . . . .. ) T I . ..L...N L . .C.. ."

7C 04 C 7 744-2- 0 70b-7441T-2 -.704T00
:J. C C;042I 0) 0. 7C25/ 0. 5 0.71727
S.)U0421 2 -:.750000 71 250000 - .. 235-

t. . .o 0.750000 0 . 75 cz -) 0 784 ' 7,. 778409-S

... .... .. .... . ,. ...... .... ... . .5. .. ... .

) .' . 0 0 250 , . .... 2 0 4 .. 11
., ~ _ .I 2 --T, ... 44I) *

- 
" L-

D / 5IIC 5 3

5 ..,. ........ C C . 7S C--...C t :,-M
*'. C: :: -. C."'-.........0 . '.]: 1 C2 0::: 2 0 .2 0,..... . '; ,

-- ;**;**.. , ,...- ..*- ... ..

.)4 15 1 -4 ' --. ,- 1.
S '')4 1 : - 41.0 7 3 7""" ' -' - .. -

2 l.. ).,5:'(1 (28 2 , ..... "I- C C C , i %- .,* ,,.,I

t...jI..j- . ..... . . J. ..... ...... ... .. . .. ... .

- .1 '.]. ..,., , , " " ' = - ',- . -. . .. '- .._..,., • ,,. -

rMI (C 0< C ::240

... ....................... ..,..." ..... .... ........ ..........

" ,; "" ¢ ' -, 5 -' I ".).C() - = -

9 -., d'4 7 - (. 5581I-A. c' . .558A I

I 17 CI.. f
. . ' I q I ' - '" '' -%r ' '- :. - 'J,-

:-" "4' ". ", " 427 1 ('.. 2'44:3o' ':." -,C , *....... 4 :C.924::C."., :;.2"-i, i, .:I'"

- - ..

~LIII*

. . ........ ..... ...
. ; ; ; " 7. . ,1 ', ' . ; 1 .. 7 '7 7 '... ' ".- ........_ - . 7 '.1. C :....

" " : . Z 1:; : : , " 2 5 C C (":' - ' . ... . .. .

. . . .. . . . . . ,z.,., ;. . 2 6 - .:L ...

i~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~~a " .. '.. .. '....... :....... .";'lZ

. . .. '- .. , . .. . .. . . . - . . . . ,.. • ., .. . . , , . -- E . . .

", 4 p. ; ; . . . - . .' -. .. . . ." " . . . .



F R DELTA Z lAD 1 MAD 2 MADLMDA , c .ABOILU E H. NSN EACH ,,' "AH NS-

0. 7C3406 O. 734636 0. 075000 'S 7 05 C, '-. C.4 0 734 0. 41 3 79.
4~ *.'4 1 -3"

:3. 76347
0. 734696 . 734696

3.18217

0.',-m 0 ""' ' '- -26114.4 U01144 0'.50290,7 0 /.50772., , 0-,'•.50772...7

0. 2371724 ,:]/ 7686
... .. .. .. .. . ...

C.43 04 5 1

U ;. 2 04'9'22 02; ' ,332 { :).;

12 5

0. 27425 ,1 2 723610 737 .2107 .21

- j - 7 -7*0 ~

'. 2493 7 1 C.26-P3 G '} 57}20 135:39{35'

* . c. ... ... ....... .. ....
2'. 2 . 71 , - C .0... 5 C . 3 3

'.2402 25 ". C

327250' D 274 1, .

...... . ,.,., 9.4'.4 *-*-9*. .. .9...4

... - ..." ... .. .... ..... ...... .... ...

•..2 ..-76 u. 27 4,'_'C 0 ." 7 7

...l- Ij

5.. 2 40 . . I74(2I

,L9.

t . {-}C) 4 C} J 0

i ILL, -

0%n



,.,1 IR, I :. T-

a...L .. / 8 '22 ' A. .'; ,2 54 ":..,-

. .. .. .. ......

G04

TOTAL 2410.25 1'2

4 '*-, 4 -'- "
5 . ) C 5 1 5 '-t 6 1 2 C:) 1

T 0 L. ol. .. " [.

.... ..9.. .. r. .'......4. 9..

-,t.;C . IM

TOT"AL :-' -D 2
.. .r- c .- ~ .....4.... .. .. .... ....

TOTAL 235 2 1 2

2 5C'4 u-: 0
00: 1:.. 3 1 7"

0 .C..... ..

. . -' ., [ "..,f:"

9.9r9.. . ...- J .- . .-.-

3 5'5 1 C 1 1

-r"3 . 13 .

T ...... T A L

4 ,.,,,-. 152 . -

41 .219. a

TOTAL .....1.. 1 2 ':):-

!.F-



C 3 S 0 E S j 1 U 1 4 UJ .UN7 P A] r7 CE D ' M E ' L '. vIL JI GR T 7- L RA E. F, I L_
,- f--,, r-r- 'r-r-, I flkl- r-. lk j Th ,l- -, ir ' f k I X' II X/iI

. .~L 3 i .. d .... . .... ..... .. ....

1056 E21 7 '4 I . 00041 -) (1)002

JOS8so c C::)hH(:4 ".-) 4
10 Go 4. z5 7 0).Qu () 24 0. }00415

1032021C~ C .'4'7 C) 0(~

4 123 C) C1) 0 C) C)
1032 021 C a.. .4 ..... a.

1 5' 02 1 1 ') 0(0]21421 0. 1.)4 1 ) S: D
., Si 2 4 CI C) ". 1 .( . . - k.

504. 7 00 1 .' C ,1]32 S¢ . C .) C)0,)-4 2 0. 'D C; C) 4. 15 C). ,0C)C(l*..- '-.

-U:" .. 5 ,'I la) C ." " , "

41 3 2 C. It) 4 15 ;.

410a C S .,:4'02. C)'; a00415 a. 10a 0

I > I ...,. , o -, (i. ,:'x'Q 2 : 2 1;.. ..... ... _ .z.," .:;

1 .- 021 4s . 0 ... C C . -. ....

1 :C:05 4 C C:) 11" 4.p 1 4 " r- "1" C l I' " l I

- 7, 224 . ""

I c'd'"8 ("7C ' 2.4 r j Ca CC) a
... ...

a a4,- Gi,'i.4 5 (a all024 a .. ...10a C- ~ 0 a1 62". tItC

..±,. ..-.., .0 C:') C),: -. C-

4'.,..,.3  (.U f r a' .. ., ...,..,,, .: }:1 . 1,1

1 :150 021 7 1) C 1)11(] 4 C).. t] It 1)11 t] ] ' - I al 
] ][ ;  

"

1 C:C ) 0 3 a "(1 a 4' .. . .. :' " ' " .C ...... ' . . .a ... ..l

•a .1- - l 0l - ,

1('0 24 5 0 U. .l,. a

It

'~~: C')"-_2

C) G C 8l 5. C (D . :' ;0' 13 ,, . .,C...1

10o 56 G21 17 0:.0 0 4 0 C)0 4S, .Z .0' :,.',-

1 a i4 C) C') C0))4 C;). I0.3 on c' c cO
032 ~ 1 C.)4. 7 f;) ,:)0(D2IA 2 ' C l:;-D :'}" .3 S -- -; '- "-"

' ~ ~ i L" .... 9. 'C) : C,,..4 5.;,"-



,,,..~) ). 0 '-.4 5 .} . 2 4 i, ¢) 44 13C, . --',,..•. .. ... ., "-

C'4 04CJ

,;. A. .o: . 5-. .- -r- ,--
:C.0 (:C 4 1.5 C 4 0 C2 4,..,., b c,. .-= .' .... 2.. ' -_; ...

.9 C)C)AI4. 5' tj K I. 5)C~ Ellr" 1 .711D;D.,', - 4I ,+::-+r_. +t) - -r
+
- -:.. ..' .... . 5 ,: ) -255 8 1. :) . ..5 5 8 14 '-.D .. ,: ,-C . .-.... , ....._

-'C"C CI

....... .,'- .,15 5 ..... .. .75521.4 2'5...7.650 '" ="' -

.1: J; :,- 4 i -=",.., "". . _'5 'x' +;., . . 7 . 2 5, w > .JJL 3 .'-'-. . ... J.,.,..O-" 3 . 5 5 .

-.)::c :.. ':cPC -C 'CO.. . . ... C 4 - . .. . ...

, -. .. -. - 3 C- . -5. -.. ... . -_ .C,. .. -

-- , -'-. l'c-'---- 7 -"- -
:'.0 .:4 C ' " - 54 "~ ' -''' . c 5 r00 -. -,--...- . .

-. . .. .. ....... :);4 ... :l - -- ..... "+'., ,. 250:';C . 57 ,"757 :-; ' -7.7

+4 1
LA.7-

C'< + +" .....- " 2 ' ..trw 0 7 5 -"''- - ' -.. . . ; ' . ... -

. .-. -,----,'-. .-. .- . - - -

-- :.:s,' ',:-'t'l( .5 : : -

C--S -- ". 4'-.

,,.' '. .) . j5 C 0. 25• 50.,'., .-o. -55 1- I -. 57020 C];. C722,C

.4 . 1 D .244134....... "C"u-... • .-? -., 4 : . -C'. cc o8 : .. 7 4 '" .... ,. '2 . .7 0..2

-"'- 5 ' -':' 04 5 -'. . . ' -. .....

p ) -- " - .,-- - 2 P . - 550- '. •  
. rz'n a" m 0 ". --

•, -, ,.-4 1_ . . ... - -" -,_.. ,..,' _ . + - . .

pt. - .- - - -. .. ... .. . . ... U

.-.. , -.. .. . -. -, _ ._ . ,

.. - .... : *' .5 -a4a 4 .I-' =.. . :. . -. '-,-., . , - L

- fl -*.-..- 
4  

'. . .'-~. .. 2 1 1 ie - -
-. -'-'';4 ji5 " .: - .... ... ......,.JL ,-I . TCCJU+- ) K+; .. .... ' .. --

1%. -,'-. .4 5 . - ','>, - .7 t -A 5 )'3 . 7 ,]3

. ...- " -.. .i -' +. ', -. -. -. .! . . - . ... . . ... .. ,-. .

*. .. ...- - -7 .I, 4 , -a,-- -" " - 'r'-z *

S... 000400 C 0'7. 2.441CC1  C'. 244136 ,'. '4,..")J4'-.. C'. 2' ic-C-::

-- a"" 1.. ,- +-4"-o~ i> . .. . '.. . . .

S- I ... .." I' r - -, - I I ' I 2 0 "- '. - ' .. . . .. .



- ------ ------ --- -----

-AMBDA ,_ ,AD CL,.T- . EA..-H NSN E - i . ".. . .- .

.""257050 "-.2575 u 05Q," '.=24,20 0.C2,402.

i ,: .25' .,C4 1 l. 7.4' 'uG
2. 25745 .

•~.. .. .. ,-.. ...

-]. 234(-:2 0.7& ) 0207U.5002 0204CC7. . , :i30 t
C34.

2. '., . '-'5

.- , .-- . - ':- .-. -,< -t- -4
-  

• ,. . . .-.

S. . 4 , : , -. -

Cr ~ ~jj, , >.~.73

Z;.2 ,7 .C! 50 5 20

•..J / L L. . j,

4~~) - C.--, 5--I-- - -7k*" 5C.- - .

2. 25':: 4 . 4's 77'S

'571 . .-.... - '

- *;. --- 2

• -;. .' n4,'..- - ,tt_ ... . .. . . . , -

'I_ - - .4 . .... ': 4- t4a I 4 -* ,a , J .. . .. . . .a... 0 : .

6 3 7 '_i 3 70 4 '

4; Z 4,, .. D,.- 55''

z o. . . . .. . . . . . ... .. . . . .. . . . .

25 532 n "" 1:- ' .,,, .. . .



i N -F L S..... F"J *ON -HOU r- n"' ,A 7 " C' .....I "" f -" .- J

A,_, .., i_.TP N -I 0 :... . .;,' -):" .

&J645CUUC.... 1'= 0-
E 56.5 1 '3

4 C, 4 Z

TOTAL -4.3 1 2-D

SO,1 0 1 1:7.

3 544. 5 7
c14 -S.7

TAJ- L.

,24

I2.1



O S E -".. .... .U IED - 1 ME ,.
iour:,-- z 7WA1L 'A Th F.,IL A T L

. - ' ,, 7 :-.-''t .4 7 -1 -:x :.. - I ,.*'. .1u :x x
A. J'Li 2. 1 C.., ' " ., '

'
-.-

-- j:'.. tj007.'-.-' '.. 00 -, ,. A .. . ..()'( u
U4

1.1...-.4 ,.5,. 7 ,:'. 00:0,:',2,42 ,:o 0C...C ..)* C..,f ... '. ,- :.) -- 4 C- C . C C );

. ... .... .. ". . . . .UQ-.

"i l C 4" I. " .



TIME 1CUAFC -' T. O-A - T.TA
' . .. .. 3 - C, SCES ... E 'J.TE) TIME ONL'. .r-.. .. 'LT-

J _,,.,5 '-; 255-14 0.. 257C70 05767L

.25 C),C . 25C) .. ,25(7 C4

). ()()4 , A's 0. 252 7L 76) 7' , -' . - -'. ...

o-. 0 -1"5 2. 50 C'C . . 4C

J00425 0 0z.204 0.255014 0 .2641'0 *'.25S199
.".'.D..2i9425 " &. 244196 0 7551 ..- "3.; " ..

f. " , -. " ' ,' ,,. . . .. . 0 . ,, -

9.) ,00 iCC]; " 2. _:i - " 2. -. - -.



F:ECACT Z; DELTA D I1D1 A MAD 2
LAMIDDA t , c (ACOLUT CAC N AH NS3N EAlCH: NS rN

Li/ . C "'C" C G. 02C7024C7
:25 C, - C Q.7C25

4 .2C1D 5 0.C2J~ C) C501 C.A.7CI

V~-P 8. 5517 4

30 .2410 -7 2

'57 7 7

Li !,-D'..

9'2.7

-N

-CL



Appendix G: TPN-19 Failure Environments (FE)

Off-Time Failure Environment Characteristics

FE Characterized by Frquency / %

5 Spaced, No Downtime, 1 1.5
Constant, 2 or less

6 Bunched, No Downtime. 1 1.5
Constant, 2 or less

On-Time Failure Environment Characteristics

FE Characterized by Frequency L %

18 Bunched, Downtime, 16 24
Constant, 2 or less

22 Bunched, No Downtime, 37 56
* Constant, 2 or less

24 Bunched, No Downtime, 2 3

Constant, Greater than 2

25 Spaced, Downtime, 1 1.5
Variable, 2 or less

26 Bunched. Downtime. 8 12
Variable. 2 or less
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